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YOUR CHOICE OF COLONOFIBERSCOPES offered by Olympus can satisfy your most demand- 
ing requirements for safe, sure, fast diagnoses and polypectomy...as far as the cecum. Choose single or double 
channel benefits. Choose thin diameter. Choose which of three working lengths suits your own procedure. Any 
choice gives you superior Olympus optics, one hand control, automatic photography and bright, clear views; 
and polypectomy with maximum patient comfort, without open surgery. Don't settle. Learn more and choose. 
Write: Olympus, 2 Nevada Drive, New Hyde Park, N Y. 11040 


TCF 


Colonofiberscope 
Standard two channels. 
Length, 1735 mm. 


MB-3 
Colonofiberscope 
Single channel, 
medium length (1115 mm), 4 
thinner tube, bright views 


LB-3 
Colonofiberscope 
Single channel, 
maximum length (1865 mm). 





BROAD-SPECTRUM MICROBICIDAL 
TIME SAVERS 


 BETADINE “disposables” 


l ' BETADINE "disposables" provide the broad-spectrum microbicidal action of 
BETADINE Microbicides in convenient disposable units. They are virtually nonirritating 
to skin and mucosa and do not stain skin and natural fabrics. 


Ready-to-use, BETADINE “disposables” save time required to saturate mate- 
rials with antiseptic, or to apply small quantities from large containers. Purdue Frederick 








Microbicidal dressing For degerming cuts, minor For degerming skin and mucosa in urinary 
wounds, lacerations, suture catheterization, cuts, minor wounds and 


and injection sites umbilical care rass 


> For Professional and Hospits! Use 


BETADINE 
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BETADINE’ SWAB AID 
Antiseptic i meme 
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Extra-long, 8⁄2” swabstick for hard-to-reach areas 
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sponge-brush 
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For antisepsis on skin, For preoperative scrubbing For degerming small skin areas, 
mucosa, wounds and burns and general skin and hand as in I.V. therapy, hyperalimen- 
degerming* * tation and urinary catheterization 


i 


f 


BETADINE 
ical 





In the rare instance of local irritation or sensitivity, discontinue use by the individual, © COPYRIGHT 1976. THE PURDUE FREDERICK COMPANY/NORWALK. CONN. 06356 1721/6 ABIBI 
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‘Space Age Microbicidal Power 
ep with BETADINE 


rgical Scrub/Solution /Aerosol Spray 


For optimal preoperative skin degerming—BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather for prepping the operative site... kills both gram- 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts... promptly achieves full microbicidal effect with 
each usage. (In the rare instance of local irritation or sensitivity, discontinue use 
in the individual.) 





To enhance antisepsis —BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 
maintain microbicidal activity in the presence of blood, pus and serum...treated 
area may be bandaged, taped or covered by acast. 


To help maintain postoperative antisepsis— Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
microbicides are virtually nonirritating and do not stain skin and natural fabrics. 


PHOTOGRAPH: SKYLAB IN ORBIT, COURTESY OF THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION. 
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Bacteroides 


may be implicated 

in a number of clinical situations, 
including... 

e septic abortions 

PIT deep wounds 

e bacteremia 

e metastatic or other abscesses in association 


with thromboembolic phenomena 


Sensitivity testing is always 
recommended prior to instituting 
therapy with Chloromycetin 
(chloramphenicol). However, in 
some situations, it may be neces- 
sary to administer Chloromycetin 
before sensitivity tests have been 
completed. 


Bacteroides are the most prevalent 
microbial flora of man. They are 
anaerobic, aero-intolerant, non- 
sporeforming, nonmotile, gram- 
negative bacilli. They most often 
appear in mixed infections, and are 
highly opportunistic. Further, they 
are very difficult to culture. 


Under normal conditions, bacte- 
roides are benign. But in infectious 
situations they can be extremely 
virulent. 


Fortunately, most bacteroides 
infections are susceptible to 
Chloromycetin (chlorampheni- 
col) therapy. Yet, all too often their 
presence goes undetected. So 
today, many authorities recommend 
early—and vigorous—treatment 
with Chloromycetin when the 
clinical impression suggests that a 
Bacteroides infection is present. 
Chloromycetin must be used only 
in those serious infections for 
which less potentially dangerous 


drugs are ineffective or 
contraindicated. 


But when bacteroides are impli- 
cated, Chloromycetin (chloram- 
phenicol) therapy may well be the 
conservative course. For, in such 
situations, the benefits-to-risk ratio 
with Chloromycetinis very favorable. 


See next page for full prescribing 
information. 
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Prescribing information—Chloromycetin 
(chloramphenicol) Sodium Succinate 
For intravenous administration 


WARNING 
Serious and fatal blood dyscrasias (aplastic 
anemia, hypoplastic anemia, thrombocytopenia, 
and granulocytopenia) are known to occur after 
the administration of chloramphenicol. In addi- 
tion, there have been reports of aplastic anemia 
attributed to chloramphenicol which later termi- 
nated in leukemia. Blood dyscrasias have oc- 
curred after both short-term and prolonged 
therapy with this drug. Chloramphenicol must 
not be used when less potentially dangerous 


agents will be effective, as described in the 
Indications section. It must not be used in the 


treatment of trivial infections or where it is not 
indicated, as in colds, influenza, infections of the 
throat; or as a prophylactic agent to prevent 
bacterial infections. 

Precautions: It is essential that adequate blood 
studies be made during treatment with the drug. 
While blood studies may detect early peripheral 
blood changes, such as leukopenia, reticulocyto- 
penia, or granulocytopenia, before they become 
irreversible, such studies cannot be relied on to 
detect bone marrow depression prior to develop- 
ment of aplastic anemia. To facilitate appropriate 
studies and observation during therapy, it is 
desirable that patients be hospitalized. 





IMPORTANT CONSIDERATIONS IN PRESCRIBING IN- 
JECTABLE CHLORAMPHENICOL SODIUM SUCCINATE 


CHLORAMPHENICOL SODIUM SUCCINATE IS IN- 
TENDED FOR INTRAVENOUS USE ONLY. IT HAS 
BEEN DEMONSTRATED TO BE INEFFECTIVE WHEN 
GIVEN INTRAMUSCULARLY. 


1. Chloramphenicol sodium succinate must be hydro- 
lyzed to its microbiologically active form and there is 
a lag in achieving adequate blood levels compared 
with the base given intravenously. 

2. The oral form of chloramphenicol is readily absorbed 
and adequate blood levels are achieved and main- 
tained on the recommended dosage. 

3. Patients started on intravenous chloramphenicol so- 
dium succinate' should be changed to the oral form 
as soon as practicable. 


DESCRIPTION 

Chloramphenicol is an antibiotic that is clinically use- 
ful for, and should be reserved for, serious infections 
caused by organisms susceptible to its antimicrobial 
effects when less potentially hazardous therapeutic 
agents are ineffective or contraindicated. Sensitivity 
testing is essential to determine its indicated use, but 
may be performed concurrently with therapy initiated 
on clinical impression that one of the indicated condi- 
tions exists (see Indications section). 

Each gram (10 ml of a 1096 solution) of chloram- 
phenicol sodium succinate contains approximately 52 
mg (2.25 mEq) of sodium. 

ACTIONS AND PHARMACOLOGY 

In vitro chloramphenicol exerts mainly a bacteriostatic 
effect on a wide range of gram-negative and gram- 
positive bacteria and is active in vitro against rickett- 
sias, the lymphogranuloma-psittacosis group, and Vibrio 
cholerae. |t is particularly active against Salmonella 
typhi and Hemophilus influenzae. The mode of action 
is through interference or inhibition of protein syn- 
thesis in intact cells and in cell-free systems. 

Chloramphenicol administered orally is absorbed 
rapidly from the intestinal tract. In controlled studies 
in adult volunteers using the recommended dosage of 
50 mg/kg/day, a dosage of 1 g every six hours for eight 
doses was given. Using the microbiological assay 
method, the average peak serum level was 11.2 mcg/ml 
one hour after the first dose. A cumulative effect gave 
a peak rise to 18.4 mcg/ml after the fifth dose of 1 g. 
Mean serum levels ranged from 8 to 14 mcg/ml over the 
48-hour period. Total urinary excretion of chloramphen- 
icol in these studies ranged from a low of 68% to a 
high of 9996 over a three-day period. From 896 to 1296 
of the antibiotic excreted is in the form of free chlor- 
amphenicol; the remainder consists of microbiolog- 
ically inactive metabclites, principally the conjugate 
with glucuronic acid. Since the glucuronide is excreted 
rapidly, most chloramphenicol detected in the blood is 
in the microbiologically active free form. Despite the 
small proportion of unchanged drug excreted in the 
urine, the concentration of free chloramphenicol is 
relatively high, amounting to several hundred mcg/ml 
in patients receiving divided doses of 50 mg/kg/day. 
Small amounts of active drug are found in bile and 
feces. Chloramphenicol diffuses rapidly, but its distri- 
bution is not uniform. Highest concentrations are found 
in liver and kidney, and lowest concentrations are found 
in braig and cerebrospinal fluid. Chloramphenicol en- 
ters cerebrospinal fluid even in the absence of menin- 
geal inflammation, appearing in concentrations about 
half of those found in the blood. Measurable levels are 
also detected in pleural and in ascitic fluids, saliva, 
milk, and in the aqueous and vitreous humors. Transport 
across the placental barrier occurs with somewhat lower 
concegtration in cord blood of newborn infants than 


in maternal blood. 
INDICATIONS 

In accord with the concepts in the Warning Box and 
this Indications section, chloramphenicol must be 
used only in those serious infections for which less 
potentially dangerous drugs are ineffective or con- 
traindicated. However, chloramphenicol may be 
chosen to initiate antibiotic therapy on the clinical 
impression that one of the conditions below is be- 
lieved to be present; in vitro sensitivity tests should 
be performed concurrently so that the drug may be 
discontinued as soon as possible if less potentially 
dangerous ents are indicated by such tests. The 
decisiog to continue use of chloramphenicol rather 
than another antibiotic when both are suggested by 
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in vitro studies to be effective against a specific 
pathogen should be based upon severity of the in- 
fection, susceptibility of the pathogen to the various 
antimicrobial drugs, efficacy of the various drugs in 
the infection, and the important additional concepts 
contained in the Warning Box above. 


1. Acute infections caused by S typhi* 

It is not recommended for the routine treatment of 

the typhoid carrier state. 
2. Serious infections caused by susceptible strains in 

accordance with the concepts expressed above. 

a) Salmonella species 

b) H influenzae, specifically meningeal infections 

c) Rickettsia 

d) Lymphogranuloma-psittacosis aroup 

e) Various gram-negative bacteria causing bacte- 
remia, meningitis, or other serious gram-negative infec- 
tions 

f)Other susceptible organisms which have been 
demonstrated to be resistant to all other appropriate 
antimicrobial agents 
3. Cystic fibrosis regimens 


*In the treatment of typhoid fever, some authorities recommend 
that chloramphenicol be administered at therapeutic levels for 8 
to 10 days after the patient has become afebrile to lessen the pos- 
sibility of relapse. 


CONTRAINDICATIONS 
Chloramphenicol is contraindicated in individuals with 
a history of previous hypersensitivity and/or toxic reac- 
tion to it. /t must not be used in the treatment of trivial 
infections or where it is not indicated, as in colds, in- 
fluenza, infections of the throat; or as a prophylactic 
agent to prevent bacterial infection 


PRECAUTIONS 

1. Base line blood studies should be followed by peri- 
odic blood studies approximately every two days during 
therapy. The drug should be discontinued upon appear- 
ance of reticulocytopenia, leukopenia, thrombocytope- 
nia, anemia, or any other blood study findings attribut- 
able to chloramphenicol. However, it should be noted 
that such studies do not exclude the possible later 
appearance of the irreversible type of bone marrow 
depression. 

2. Repeated courses of the drug should be avoided 
if at all possible. Treatment should not be continued 
longer than required to produce a cure with little or no 
risk of relapse of the disease. 

3. Concurrent therapy with other drugs that may 
cause bone marrow depression should be avoided. 

4. Excessive blood levels may result from administra- 
tion of the recommended dose tc patients with im- 
paired liver or kidney function, including that due to 
immature metabolic processes in the infant. The dosage 
should be adjusted accordingly or, preferably, the blood 
concentration should be determined at appropriate 
intervals. 

5. There are no studies to establish the safety of this 
drug in pregnancy. 

6. Since chloramphenicol readily crosses the pla- 
cental barrier, caution in use of the drug is particularly 
important during pregnancy at term or during labor be- 
cause of potential toxic effects on the fetus (gray syn- 
drome). 

7. Precaution should be used in therapy of premature 
and full-term infants to avoid gray syndrome toxicity. 
(See Adverse Reactions.) Serum drug levels should 
pad carefully followed during therapy of the newborn 
infant. 

8. Precaution should be used in therapy during lacta- 
tion because of the possibility of toxic effects on the 
nursing infant. 

9. The use of this antibiotic, as with other antibiotics, 
may result in an overgrowth of nonsusceptible organ- 
isms, including fungi. If infections caused by nonsus- 
ceptible organisms appear during therapy, appropriate 
measures should be taken. 


ADVERSE REACTIONS 
1. Blood Dyscrasias 

The most serious adverse effect of chloramphenicol 
is bone marrow depression. Serious and fatal blood 
dyscrasias (aplastic anemia, hypoplastic anemia, throm- 
bocytopenia, and granulocytopenia) are known to occur 
after the administration of chloramphenicol. An irre- 
versible type of marrow depression leading to aplastic 
anemia with a high rate of mortality is characterized by 
the appearance weeks or months after therapy of bone 
marrow aplasia or hypoplasia. Peripherally, pancyto- 
penia is most often observed, but in a small number of 
cases only one or two of the three major cell types 
(erythrocytes, leukocytes, platelets) may be depressed. 

A reversible type of bone marrow depression, which 
is dose-related, may occur. This type of marrow depres- 
sion is characterized by vacuolization of the erythroid 
cells, reduction of reticulocytes, and leukopenia, and 
responds promptly to the withdrawal of chloramphenicol. 

An exact determination of the risk of serious and 
fatal blood dyscrasias is not possible because of lack 
of accurate information regarding (1) the size of the 
population at risk, (2) the total number of drug-asso- 
ciated dyscrasias, and (3) the total number of nondrug- 
associated dyscrasias. 

In a report to the California State Assembly by the 
California Medical Association and the State Depart- 
ment of Public Health in January 1967, the risk of fatal 
aplastic anemia was estimated at 1:24,200 to 1:40,500 
based on two dosage levels. 

There have been reports of aplastic anemia attri- 
buted to chloramphenicol which later terminated in 
leukemia. 

Paroxysmal nocturnal hemoglobinuria has also been 
reported. 

2. Gastrointestinal Reactions 

Nausea, vomiting, glossitis and stomatitis, diarrhea 
and enterocolitis may occur in low incidence. 
3. Neurotoxic Reactions 

Headache, mild depression, mental confusion, and 
delirium have been described in patients receiving 
chloramphenicol. Optic and peripheral neuritis have 
been reported, usually following long-term therapy. If 
this occurs, the drug should be promptly withdrawn. 


4. Hypersensitivity Reactions 


Fever, macular and vesicular rashes, angioedema, 


urticaria, and anaphylaxis may occur. Herxheimer reac- 
tions have occurred during therapy for typhoid fever. 
5. “Gray Syndrome" 


Toxic reactions including fatalities have occurred in 


the premature and newborn; the signs and symptoms 
associated with these reactions have been referred to 
as the gray syndrome. One case of gray syndrome 


has been reported in an infant born to a mother having 
received chloramphenicol during labor. One case has 


been reported in a 3-month-old infant. The following 
summarizes the clinical and laboratory studies that 


have been made on these patients: 

8) In most cases, therapy with chloramphenicol had 
been instituted within the first 48 hours of life. 

b) Symptoms first appeared after three to four days 
of continued treatment with high doses of chloram- 
phenicol. 

c) The symptoms appeared in the following order: 

(1) abdominal distension with or without emesis; 

(2) progressive pallid cyanosis; 

(3) vasomotor collapse, frequently accompanied 
by irregular respiration; 

(4) death within a few hours of onset of these 
symptoms. 

d) The progression of symptoms from onset to exitus 
was accelerated with higher dose schedules. 

e) Preliminary blood serum level studies revealed un- 
usually high concentrations of chloramphenicol 
(over 90 mcg/ml after repeated doses). 

f) Termination of therapy upon early evidence of the 
associated symptomatology frequently reversed the 
process with complete recovery. 


ADMINISTRATION 
Chloramphenicol, like other potent drugs, should be 


prescribed at recommended doses known to have thera- 
peutic activity. Administration of 50 mg/kg/day in di- 


vided doses will produce blood levels of the magnitude 
to which the majority of susceptible microorganisms 
will respond. 


As soon as feasible, an oral dosage form of 


chloramphenicol should be substituted for the intra- 
venous form because adequate blood levels are 
achieved with chloramphenicol by mouth. 


The following method of administration is recom- 
mended: 

Intravenously as a 10% (100 mg/ml) solution to be 
injected over at least a one-minute interval. This is pre- 
pared by the addition of 10 ml of an aqueous diluent 
Such as water for injection or 596 dextrose injection. 


Adults DOSAGE 


Adults should receive 50 mg/kg/day in divided doses 
at six-hour intervals. In exceptional cases, patients 


with infections due to moderately resistant organisms 


may require increased dosage up to 100 mg/kg/day to 


achieve blood levels inhibiting the pathogen, but these 


high doses should be decreased as soon as possible. 


Adults with impairment of hepatic or renal function or 
both may have reduced ability to metabolize and ex- 
crete the drug. In instances of impaired metabolic 
processes, dosages should be adjusted accordingly. 


(See discussion under Newborn Infants.) Precise con- 
trol of concentration of the drug in the blood should be 


carefully followed in patients with impaired metabolic 
processes by the available microtechniques (informa- 


tion available on request). 


Children 


Dosage of 50 mg/kg/day divided into four doses at 
six-hour intervals yields blood levels in the range effec- 


tive against most susceptible organisms. Severe infec- 


tions (eg, bacteremia or meningitis), especially when 


adequate cerebrospinal fluid concentrations are desired, 


may require dosage up to 100 mg/kg/day; however, it is 


recommended that dosage be reduced to 50 mg/kg/day 
as soon as possible. Children with impaired liver or kid- 
ney function may retain excessive amounts of the drug. 


Newborn Infants 


(See section titled Gray Syndrome under Adverse 
Reactlons.) 

A total of 25 mg/kg/day in four equal doses at six- 
hour intervals usually produces and maintains concen- 
trations in blood and tissues adequate to control most 
infections for which the drug is indicated. Increased 


dosage in these individuals, demanded by severe infec- 
tions, should be given only to maintain the blood con- 
centration within a therapeutically effective range. After 
the first two weeks of life, full-term infants 


may receive up to a total of 50 mg/kg/day equally di- 


vided into four doses at six-hour intervals. These dosage 
recommendations are extremely 
blood concentration in all premature infants and full- 


important because 


term infants under two weeks of age differs from that 


of other infants. This difference is due to variations in 
the maturity of the metabolic functions of the liverand 
the kidneys. 


When these functions are immature (or seriously im- 
paired in adults), high concentrations of the drug are 


found which tend to increase with succeeding doses. 


Infants and Children with Immature Metabolic Proc- 
esses 


In young infants and other children in whom imma- 


ture metabolic functions are suspected, a dose of 25 
mg/kg/day will usually produce therapeutic concen- 
trations of the drug in the blood. In this group par- 
ticularly, the concentration of the drug in the blood 


should be carefully followed by microtechniques. (In- 


formation available on request.) 


HOW SUPPLIED 


NDC 0071-1089-10 (Steri-Vial& No. 57) 


Chloromycetin (chloramphenicol) Sodium Succinate 
is supplied as a dried powder in Steri-Vials (rubber- 
diaphragm-capped vials). When recomstituted as di- 
rected, each vial contains a sterile solution equiva- 
lent to 100 mg of chloramphenicol per millifiter 
(1 g/10 ml). Available in packages of 10 vials. 
CHLOROMYCETIN, brand of chloramphenicol. Reg, 
US Pat Off . RJ 
PD-JA-1280-2-P (2-75) 


PARKE, DAVIS & COMPANY, Detroit, Michigan 48232 e 
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Virtually complete absorption 


in GI disorders 

Less than 100 cm of functioning jejunum is usually all GI patients 
need for virtually total absorption of the complete nutrition 
Vivonex HN provides? because Vivonex HN is formulated with 
free amino acids, simple carbohydrate and low fat, and requires 
virtually no active digestion. Negligible residue keeps the bowel 
essentially at rest. 

Vivonex HN is useful in the nutritional management of pro- 
tein-calorie malnutrition, which occurs frequently in patients with 
ulcerative colitis, acute granulomatous disease of the small or 
large intestine, carcinoma, intestinal atresia in infants, malab- 
sorption syndrome, fistulas, short-gut syndrome, pancreatitis, 
and Crohns disease. 

Moreover, Vivonex HN reduces biliary, pancreatic and 
intestinal secretions. It may be administered orally or via enteral 
catheter. It may also be used to fortify traditional clear liquid 
regimens, as an enteral alternative to parenteral alimentation, 
and as an adjunct to routine parenteral glucose and fluid. 


For the nutritional management of 
igi i malnutrition 


NITROG EN 
SOLUBLE 
POWDER 


free amino acid.. complete enteral nutrition 
minimal digestion.. .maximal absorption 


Supplied unflavored in boxes containing ten 80-gram packets. 
Each packet provides 300 kcal. Ten packets provide 3,000 kcal, 
20 gm usable nitrogen (125 gm usable protein), and a full day's 
balanced nutrition. 


Flavor with Vivonex Flavor Packets 

(artificially flavored) Orange, strawberry, grape, beef broth, and 
tomato. A/so available: Vivonex Standard Diet. Supplied unfla- 
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supportive measures, |.V. fluids, adequate airway. Use levarterenol or metaraminol 
for hypotension, caffeine and sodium benzoate for CNS-depressive effects. Dialysis 
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Surgical Progress 


Current Management of Melanoma 


po THOUGH CARSWELL first used the term 
melanoma in a treatise in the early part of the 19th 
century, Hippocrates is credited with the first recorded 
clinical observation of cutaneous melanoma. During 
the seventeenth century several reports appeared in the 
literature referring to the "fatal black tumor." In 1806 
both Laennec and Dupuytren published on melanosis: 
however, it was not until 1864 that Sir James Paget 
stated that cancer could develop in a mole. In 1892 
Hutchinson published his Archives of Surgery in which 
he carefully described the senile freckle which we now 
call Hutchinson’s melanotic freckle. A decade ago 
Clark? formulated the classification utilized throughout 
the world today. He described three separate types: 
1) melanoma, Hutchinson’s melanotic freckle type (len- 
tigo maligna melanoma), 2) melanoma, invasive with 
adjacent intraepidermal component of superficial 
spreading type (superficial spreading melanoma), 3) 
melanoma, invasive, without adjacent intraepidermal 
component (nodular melanoma). 
— P 


Etiologic Factors 


The etiology of melanoma has been complicated by 
the diffuse distribution of the melanocyte to tissues 
throughout the body. It is felt that the malignant tumor 
arises from melanocytes or their antedecents and 
differentiates in a manner similar to that of its benign 
pigmented nevus counterpart. Stegmaier? has reported 
that nevi may appear as early as the fourth fetal month 
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and then proceed through an active life cycle ending in 
involution during the ninth decade. Interim stages 
include the first appearance of junctional nevi during 
the first few years of life, followed by compound nevus 
formation in the prepubertal years with enlargement 
and darkening at puberty. Further enlargement and 
darkening may occur during the second decade of life 
and during pregnancy. A gradual loss of pigment and 
decline in number of nevi takes place during the fifth, 
sixth, seventh and eighth decades of life. Any varia- 
tions from this life cycle may be indicative of the 
development of a melanoma in a previously benign 
nevus. However, only about one-fourth of melanomas 
seem to arise from a previously benign nevus. Most 
caucausian adults over the age of 40 have approxi- 
mately 100 nevi and with the low incidence of malignant 
change, approximately 250,000 benign nevi would have 
to be removed to prevent a single melanoma. 
Irritation and trauma such as elastic injuries, blunt 
trauma, x-ray changes, and old burn scars have been 
indicted in approximately one-third of the cases 
reported. Sunlight as an etiologic agent remains de- 
batable. Individuals of Celtic heritage who have 
migrated to areas close to the equator have a high 
incidence of melanoma. Following American indé- 
pendence, Great Britain utilized Australia as a penal 
settlement. A large proportion of those deported were 
of Celtic decent. McGovern'® has reported that skin 
cancer and melanoma are very common among this 
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population. The frequency of melanoma increases as 
one proceeds north to Queensland, near the equator. 
Lane-Brown’ has shown that the incidence of mela- 
noma among people who are one-half or more Celtic is 
double that of the non-Celtic portion of the population. 
A similar report from this country gives corresponding 
results." 

In the United States melanoma is 80% more frequent 
in the caucausian population than in the black popula- 
tion. The most common primary site in the American 
black is the skin of the foot. Lentigo maligna is 
extremely rare. In Africa plantar melanoma comprises 
from 60-70% of the reported cases in blacks. Lewis!? 
clearly documented prior junctional nevi of the plantar 
surface of the foot with the development of malignant 
melanomas. Other primary sites found in the black 
population include oral cavity, nasal cavity, palmar 
surfaces of the hand and conjunctival surfaces of the 
eye. Intra-ocular melanoma is practically unknown in 
the African black and is only slightly more frequent 
in the American Black. 

Melanoma is a complication of xeroderma pig- 
mentosum and chiefly affects females at an average 
age of 17 years. 


Clinicopathological Presentation 


Cutaneous melanoma develops at the site of a 
previously benign nevus in only one out of four cases. 
Giant pigmented nevi are potentially malignant 
whereas the hairy nevus has a much lower potential. 
Reed?* has reported a 30% instance of malignancy in 
the giant nevus, and the incidence is 4% in Hutchin- 
son's freckle. Thirty-five per cent of superficial spread- 
ing melanomas occur in a previously benign nevus. 
Twenty-five per cent of nodular melanomas occur in a 
previously pigmented site. 

Melanoma arising in Hutchinson's melanotic freckle 
is the least common of the principal histogenic types of 
melanoma, yet it has the best prognosis. The lesion is 
macular, irregularly pigmented, (Figs. 1 and 2) and 
wanes and waxes over the years. It has been reported 
on occasion to disappear completely only to return after 
several years. Its most common location is in the sun- 
exposed area of the malar and temporal regions of the 
face, but it may appear in other areas such as the hands 
and feet or, very rarely, in the conjunctivae. Changes 
of rather marked solar damage are always present and 
the invasive characteristics do not usually appear until 
the sixth, seventh, and eighth decades. The develop- 
ment, of melanoma is characterized by the formation 
of nodular areas in the lesion. The nodules represent 
foci of proliferating melanocytes which may be in- 
.vading the dermis. 

Superficial spreading melanoma is more pagetoid in 
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nature and usually begins as a spreading pigmented 
macule that is more circumscribed than Hutchinson's 
freckle. The color may be brown, black, red, or pink. 
This lesion grows far more rapidly than Hutchinson's 
freckle and has usually reached between one and two 
centimeters in diameter after a 12-18 month period. 
Melanoma of this type occurs in both covered and 
exposed parts of the body as well as in mucosal surfaces 
such as the oral cavity, nasopharangeal cavity, vulva, 
vagina, penis and anal canal. Figure 3 shows the 
typical appearance of such a lesion. In Fig. 4 the 
pigmented cells appear in small groups at the basal layer 
and also extended upward through the epidermis. 

Melanoma without an adjacent intraepidermal com- 
ponent is commonly referred to as nodular melanoma. 
There is usually no preliminary spreading pigmentation 
and the growth is more frequently dome-shaped or 
polypoid. Color variations may be similar to superficial 
spreading melanoma. Figure 5 gives the gross appear- 
ance of a typical nodular melanoma. The nodule is 
formed by proliferation of the melanocytes in the 
dermis. The overlying epithlium is usually thinned. In 
Fig. 6 the prominant mass of proliferating pigmented 
cells has elevated the epidermal surface producing a 
nodule. 

Melanoma constitutes between 1-3% of all malig- 
nancies. It is slightly more common in males than in 
females with a ratio varying between 1:1-—1:1.3. 
Primary tumors occurring on the head and neck and 
trunk are more common in the male, whereas lesions 
in the lower extremities that are exposed to solar rays 
are more common in females. Thirty-three per cent 
occur in the head and neck region, 29% lower extremity, 
19% trunk, 1596 upper extremity, 4% subungal, and the 
remainder are distributed throughout different loca- 
tions of mucous membrane. In approximately 2—4% of 
the cases multiple primary cutaneous melanomas are 
found. Documentation that the melanoma is indeed 
primary requires demonstration that it arises from 
proliferating melanocytes in the basal layer of the 
dermis or that it has arisen in the dermis as a malignant 


blue nevus. If doubt exists, one should regard the legion 


as metastatic and not as a new primary growth, since 
cutaneous metastases are common. 
There seems to be rare familial or genetic predilec- 


tion for this form of the disease. The most common’ 


type of melanoma to demonstrate multiple primary 
tumors is the superficial spreading type. Multiple 
lesions are indeed more common if the melanoma is 
associated with xeroderma pigmentosum. 


Roentgenological Findings $ 


In our own series of over 600 melanoma patients 
treated during the past 6 years, stereoscopic chest 
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x-rays done routinely demonstrated an incidence of 
pulmonary nodules of 7%. If, however, one considers 
only those patients who died of causes secondary to 
their disease, the chest x-ray was positive in 40% of the 
cases. Total body gallium scan has not proved to be of 
benefit, whereas liver/spleen scan, bone scan and brain 
scan have been helpful. If patients gave a history of 
unusual visual problems or headache, the brain scan 
was diagnostic in 24% of the cases studied. If, however, 
the patients demonstrated findings of systemic 
melanoma the brain scan was positive in 56% of such 
cases. We have elected to do bone scans only in 
symptomatic patients, in favor of routine metastatic 
bone surveys. Bone scans done routinely without bone 
pain symptoms were positive in only 12% of the cases, 
whereas, if the patients had symptoms, the scans were 
positive in 57% of the cases. Liver/spleen scans with 
focal defects compatible with metastatic disease should 
be differentiated from a shift of tracer activity from 
the liver to the spleen. This shift may reflect only the 
reticuloendothelial stimulation of the tumor itself, or 
may be reflective of different chemotherapeutic or 
immunotherapeutic regimens. We have documented a 
shift of tracer activity in 20% of 697 liver/spleen scans 
completed. The liver/spleen scan was helpful in only 
2% of the cases done in patients without documented 
evidence of metastatic disease. The scan was positive 
25% of the time, however, if the patient’s disease was 
widespread. 

The female breast is a site of metastatic disease, but 
routine mammography should not be relied upon to 
distinguish benign from malignant disease if this is the 
clinical suspicion. The xeroradiographic interpretation 
will most consistently be interpreted as benign fibro- 
adenoma. If the clinician suspects metastasis to the 
breast, this should be confirmed by biopsy. 

A favored site of metastatic disease in melanoma is 
the small bowel. At this medical center, half of the 
metastatic lesions to the small bowel are secondary to 
melanoma. This lesion may be missed by routine upper 
GI series and small bowel follow-through examination. 
Ihg diagnosis should be suspected if the patient has a 
prior history of melanoma and develops clinical 
symptomatology compatible with intermittant intestinal 
obstruction. This is secondary to the polypoid 
‘metastatic lesions acting as a focal point for intus- 
susception. The clinician should work in concert with 
his radiological consultant, and a primary tube, small 
bowel x-ray series should be obtained. The column of 
barium can be followed down and very small lesions 
may be demonstrated. Figure 7 represents a typical 
radiologic finding of small bowel metastases and Figure 
8 is the gross specimen. 

The question concerning the timing of routine chest 
x-ray in patients with a past history of melanoma is a 
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practical one. In the 638 patient series at this medical 
center, 156 have converted their chest x-ray from nega- 
tive to positive for an instance of 24%. This finding in 
conjunction with the report by Spratt! of a 43 day 
doubling time for a metastatic pulmonary nodule, 
indicating that one should obtain routine stereoscopic 
chest x-rays at four to 6 month intervals. In the absence 
of a clinical indication, the various scans are not posi- 
tive with sufficient frequency to warrant routine usage. 
If, however, the patient has a clinical or chemical 
suggestion of disease, an appropriate scan should be 
obtained. Also, if major surgical intervention is enter- 
tained beyond removal of the primary lesions, stereo- 
scopic chest x-ray, indicated pulmonary tomograms, 
radioisotope scans, and primary barium small bowel 
x-ray should be obtained. 


Levels of Invasion, Clinicopathologic Staging, and 
Prognosis 


Many factors such as age, host response, sex, loca- 
tion of primary, degree of differentiation, mitotic 
activity and size of tumor are important for predicting 
long-term survival rates for most neoplastic disorders. 
For melanoma, an overview clearly reveals that 
Hutchinson's melanotic freckle has the most favorable 
prognosis, nodular melanoma the least favorable and 
the superficial spreading type an intermediate prog- 
nosis. Clark et al. have reported a mortality rate 
for Hutchinson’s freckle as 10%, superficial spreading 
31% and nodular 56%. McGovern" has correlated 
mitotic activity and five year survival rates, and has 
demonstrated that fewer than one mitosis per five high- 
powered fields is attendant with an 80% survival rate 
while between one to five mitosis per five high-powered 
fields is attended by a 55% survival rate, and if five or 
more mitosis are seen per five high-powered fields the 
survival rate is only 41%. 

Clark? very clearly demonstrated that the level of 
invasion of the primary has a great deal of prognostic 
significance. The five levels of invasion as defined by 
Clark are depicted in Table 1. Utilizing these criteria, 
Clark has reported an 8.3% mortality with Level II 
lesions, 35% with Level III, 46% with Level IV, and 
55% with Level V. McGovern’! had similar findings 
with 80%, 50%, 50% and 20% 10 year survivals with 
Levels II- V respectively. The level of invasion of 
extremity lesions can also be linearly correlated with 
the likelihood of positive regional lymph nodes for 
metastatic disease. Wanebo?? has reported 496, 766, 
29%, and 7096 for Clark's Levels II through V respecz 
tively. Pre-invasive melanoma has not been demon- 
strated to have metastasized and polypoid melanomas 
cannot be accurately staged since the entire tumor may . 
be confined to the papillary layer distorted into the 


Fic. 1. Hutchinson’s freckle appearing on the malar region of a 78 
year old female. 
Fic. 2. In this microscopic section pigment laden cells are in the 
region of the basal cell layer of the epithelium. Some of the pigment is 
phagocytized in the dermis. This is a common feature of 
Hutchinson's freckle. 

e 
Fic. 3. Superficial melanoma appearing on the back of a 37 year old 
caucausian male. 
Fic. 4. As in Figure 2 the pigmented cells in the superficial spreading 
melanoma are in the region of the basal layer. They also extend 
upward through the epidermis. The pigmented cells tend to be more 
polygonal than the cells of the Hutchinson's freckle. 
Fic. 5. Nodular melanoma appearing on the upper arm of a 45 year old 
caucausian male. 
Fic. 6. The epithelium is thin and elevated. The dermis is occupied by 
a mass of proliferating melanocytes. 


Fic. 8. The gross specimen revealing metastatic melanoma to the 
jejunym With the polypoid lesion acting as the focal point for the 
intermittant intussusception. 
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Fic. 7. Radiograph (right) 
showing an intralumenal 
polypoid defect in the jeju- 
num. The radiograph (left) 
demonstrating the intussus- 
ception documented by a 
barium small bowel x-ray. 


polyp formation. Little states that polypoid mela- 
nomas have a high mitotic activity and poor survival 
rate. 

Breslow! has reported that a more accurate way of 
predicting the biological aggressiveness of the tumor 
and the likelihood of regional lymph node disease is 
attained by accurately measuring the area of the lesion, 
its depth of penetration and its maximal cross-sectional 
area. His data indicate that the chance of developing 
recurrent disease appears to be directly proportional 
to the tumor thickness. He further states that 
prophylactic lymph node dissection doubles the rate of 
survival for patients with lesions greater than 1.5 mm. 
in thickness but has no protective effect for those with 
lesions less than 1.5 mm. 


The Surgical Approach 


- The unpredictable biologic behavior of melanoma 
requires the surgeon to have an operative plan for con- 
trol not only of the primary lesion, but also of local 
recurrent lesions, metastatic disease to regional lymph 


* nodes, and for removal of selected disseminated tumor 


involving visceral organs as well as distant lymph nodes 
and distant cutaneous lesions. 

Wide surgical excision is generally proposed for 
gaining adequate control of a primary melanoma. Dif- 
ferent reports have expounded upon the necessity of 
removing 3 cm, 4 cm, or up to 6 cm in all directions 
from the lesion. These measurements would have a 
devastating effect if the primary lesion was on the face, 
or ear, for example. Also, it has been stated that 
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closure of an adequately excised wound must, of 
necessity, be managed by placement of a split thickness 
skin graft. Much argument based on very little data 
has taken place as to the necessity of removing the 
deep fascia. A more logical approach should include not 
only the location of the primary, but also the 
identification of the type of melanoma involved. In 
regard to superficial spreading melanoma and Hutchin- 
son's melanotic freckle, there seems to be a field 
effect with lateral extension and, therefore, this lesion 
should have a wider margin of excision than melanoma 
with no adjacent intraepidermal component as seen in 
most nodular melanomas. Excision of local recurrent 
disease involving the skin should generally be handled 
more aggressively with 4 cm margins in each lateral 
direction and closure by split thickness skin grafting. 
Recurrent subcutaneous nodules should most probably 
be managed by simple local excision. Treatment of 
plantar or palmar melanomas should be treated by 


TABLE l. Level of Invasion in Malignant Melanoma 
(From Clark?) 





Level Description 





l All tumor cells above basement membrane 


N 


Invasion into loose connective tissue of 
papillary dermis 


3 Tumor cells at junction of papillary and - 
reticular dermis 

4 Invasion into reticular dermis 

3 Invasion into subcutaneous fat 
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wide local excision and split thickness skin grafting. 
Subungal melanoma should be managed by an amputa- 
tion procedure with no attempt at local excision and 
coverage. 

A continuing controversial issue, concerning man- 
agement of malignant diseases in general and of 
melanoma in particular, revolves around regional 
lymph node dissection. Much of the argument could 
be resolved if the clinician would consider prognostic 
goals as well as therapeutic possibilities. If a single 
lymph node is positive, the possibility or indeed, 
probability, exists that the patient has systemic 
disease. Institution of therapeutic or adjuvant chemo- 
therapy or immunotherapy may well depend upon a 
knowledge of the status of the lymph nodes. If, for 
example, one considers the real therapeutic benefit of 
combination adjuvant chemotherapy in patients with 
carcinoma of the breast with positive lymph nodes, a 
more efficient treatment regimen can be planned and 
instituted. There is a well known inaccuracy of the 
clinical evaluation of regional lymph nodes. Approxi- 
mately one-third of patients who clinically are con- 
sidered to have uninvolved nodes by palpation will 
have, in reality, metastatic disease by histological 
examination. Such patients would be, thereby, inade- 
quately treated and this is stressed in many publications 
by advocates of routine prophylactic dissections. Their 
data indicate that patient survival rates are greater in 
those patients with microscopic tumor in lymph nodes 
than in those patients who have their regional lymph 
nodes dissected only after they become clinically 
palpable. The evidence supports the thesis that if the 
surgeon carefully considers the histologic type of the 
tumor, mitotic activity, and depth of invasion, he can 
reasonably select patients for elective lymph node dis- 
section. Melanoma arising in a Hutchinson's melanotic 
freckle gives rise to nodal metastases only in tumors 
with advanced mitotic activity, and shows invasion of 
the reticular zone of the dermis or the subcutaneous 
fat. Lymph node involvement can be correlated with 
tumors of advanced mitotic activity, showing invasion 
to the papillary-reticular derma interface and beyond. 
Wanebo’s*’ data predicts that 7% of patients with Level 
III primaries will have positive nodes, and this in- 
creases to 25% and 75% respectively for Levels IV and 
V. If such patients are treated by surgery alone, only 
27% of the patients with positive nodes will survive 
for fi¥e years, as compared to 82% for patients with 
pathologically proven negative nodes. These statistics 
are of great prognostic significance to the patient and 
*houtd clearly stimulate the clinician to consider adju- 
vant chemotherapy or immunotherapy. The surgeon 
might also consider direct measurement of tumor 
thickness in parafin section as described by Breslow. ! 
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Utilizing these criteria Hanson and McCarten® found 
that elective lymph node dissection doubled the rate of 
survival for patients with lesions greater than 1.5 mm 
in thickness but had no effect on those with thinner 
lesions. Patients with lesions less than 0.76 mm in 
thickness all survived whether or not lymph nodes were 
resected. Sugarbaker and McBride?* have recently 
reported on 418 patients with primary melanoma of the 
trunk. Their retrospective calculation indicated that 
184 regional lymph node dissections would have been 
required for probable salvage of 13 patients if surgical 
treatment for clinical disease had been used routinely. 
This 10% figure could most probably have been im- 
proved upon if either direct measurement of the 
primary, or of the level of invasion of the primary. 
were taken into account by the surgeon prior to 
elective lymph node dissection. 

Regional lymph node dissection, in general, is as- 
sociated with a morbidity of approximately 5%. 
Radical groin dissection, however, produces a 30-40% 
severe complication rate if the extended dissection is 
done routinely. If the superficial inguinal lymph nodes 
are negative for tumor, the deep inguinal lymph nodes 
will only rarely be positive. Approximately 10-15% 
of patients with grossly positive superficial inguinal 
lymph nodes will be found to have simultaneous 
melanoma in the high iliac and para-aortic chain of 
nodes. It is very doubtful that removal of iliac nodes 
or para-aortic nodes will prolong the survival of such 
patients. For all practical purposes, the surgeon should 
confine himself to superficial groin dissection for lower 
extremity lesions. Patients with melanoma involving 
mucous membranes and subungal regions should be 
strongly considered for elective regional lymph node 
dissections. 

The role of surgery in the management of selected 
disseminated tumor involving distant lymph nodes, 
distant cutaneous lesions, and visceral organs con- 
tinues to be modified as advances are made in chemo- 
therapy and immunotherapy. Morton et al.?' have re- 
cently reported the evaluation of results of surgical 
treatment in 60 patients with multiple pulmonary “nre- 
tastases. The authors report that approximately 60% 
of patients will survive five years after operation if 
aggressive surgical resection is completed in those 
patients who demonstrate a tumor doubling time 
greater than 40 days for a metastatic lesion. These 
data were applicable even in patients requiring bilateral 
thoracotomy. Our own experience would support this 
approach. Our posture has been to observe the tumor 
doubling time for one month, then to place patients 
with a tumor doubling time of greater than'30 
days on combination chemotherapy, and if additional 
lesions do not develop during the next 60 days, to 
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follow this by resection of the metastatic pulmonary 
lesions. Chemotherapy is continued for 24 months. 

Patients, who by CT scans have demonstrable soli- 
tary brain lesions that are surgically resectable should 
be considered for operation. Many such patients will 
experience a prolonged disease-free interval if lesions 
are surgically removed and if this procedure is followed 
by postoperative whole head irradiation and prolonged 
chemotherapy or immunotherapy are given. Removal 
of single or multiple small bowel metastases is indi- 
cated in patients who do not demonstrate other distant 
or visceral involvement. Not only are the intestinal 
obstruction, blood loss and pain relieved but also, if 
followed by aggressive adjuvant therapy, significant 
palliation may be realized. At present there are no 
data supporting the usefulness of "debulking" pro- 
cedures, or of hemipelvectomy, or of fore-quarter am- 
putation for management of disseminated metastatic 
melanoma. 


The Question of Spontaneous Regression 


Melanoma has been described as one of the more 
immunogenetic spontaneous malignancies in man. An 
interesting and, as yet unexplained, observation is that 
primary tumors have been reported to have a re- 
gression rate of 7—10%, while it is extremely unusual 
for a metastatic lesion to completely regress. The usual 
pattern observed is a ^ halo" of depigmentation around 
the mole followed by complete disappearance with re- 
placement by a shallow scar. The phenomenon was 
originally described by Sutton? as leukoderma acquisi- 
tum centriugum. The histopathological changes in the 
“halo” or Sutton's nevus consist of a band of small 
lymphocytes invading the entire area around the nevus 
extending between nevus cells. The nevus cells may be 
destroyed, pigment released and carried away by 
macrophages so that the benign pigmented lesion may 
disappear completely. As noted above a malignant 
lesion may likewise disappear. The clinician will 
usually observe a completely depigmented scar of in- 
complete changes ranging from an inflammatory mel- 
anotic or amelanotic nodule, to a halo lesion, to tiny 
deposits of pigment in a surviving scar or, indeed, it 


_may be faced with a metastatic lesion and no demon- 


strable primary growth. Under the latter circumstances 
the physician must make a complete search for the 
primary growth, so that the regressing or regressed 
site can be completely removed and any residual tumor 
extirpated. Nodular melanoma almost never undergoes 
spontaneous regression. The non-malignant portion of 
ae Hutchinson’s melanotic freckle commonly re- 
gresses; however, the clinically malignant and invasive 
areas do so less commonly. Superficial spreading 
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melanomas are the usual histogenetic types of mel- 
anoma that undergo partial or complete regression. The 
prognosis of patients cannot be predicted by a primary 
lesion either undergoing, or not undergoing, spon- 
taneous regression. 


Hormonal Responsiveness of Melanoma 


Clinical observations of exacerbation of melanoma 
during pregnancy and other high estrogen states have 
been made repeatedly. Sadoff et al.” have recently 
submitted evidence suggesting that melanoma may be 
an estrogen dependent tumor. The authors present 
several case reports showing activation of the disease 
following estrogen administration. They advanced their 
argument by including epidemilogical studies showing 
peak instances of melanoma in females in the third and 
fifth decades—periods representing high estrogen 
activity. Preliminary data is presented showing re- 
sponse of human melanoma to anti-estrogenic hor- 
mones. These phase one studies were generated fol- 
lowing rodent experiments depicting an anti-melanoma 
activity of anti-estrogen compounds. George et al.* 
compare their series of 115 patients with coincidental 
pregnancies and melanoma to 330 patient controls. 
Such a study has obvious limitations: however, an in- 
creased instance of lymph node metastases in the study 
group was documented at the time that patients were 
able to receive therapy. Shiu et al.? have examined 
the influence of pregnancy on the prognosis of cutane- 
ous melanoma in 250 cases. Even though they observed 
no statistical difference in the survival rate at five years 
for stage I melanomas, patients with stage II disease 
had significantly lower survival rates. Their study 
group had a 29% five year survival rate for pregnant 
patients as compared with 55% for nulliparious pa- 
tients. Oral contraceptives have undergone similar 
scrutiny and case reports of these agents stimulating a 
change in appearance of pigmented lesions have been 
multiple. More complete studies of serum, skin, and 
tumor hormonal levels will obviously be required 
before more definitive answers will be forthcoming. 
Additionally, studies including both estrogen and pro- 
gesterone receptor sites in melanoma tumor cells will 
be necessary before this question can be resolved. 


Chemotherapy 


The role of chemotherapy in the management of 
malignant disorders has progressed from utilization in 
terminal patients, with little practical possibility of 
demonstrating any beneficial effect, to utilizatiog as an 
adjuvant to curative or near curative type surgery. 
Often chemotherapeutic drugs have a very high degree 
of specificity for the particular malignant cell type: 
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Fic. 9. The cell cycle. 


Such examples would include Methotrexate for chorio- 
carcinoma and streptozotocin for insulinoma. During 
the past three decades, much information has been 
gained concerning the cell cycle. As can be seen in 
Figure 9, following mitosis the cell advances from the 
G, resting phase to the GI phase where basal RNA 
and protein synthesis takes place. During the S phase, 
increased RNA, DNA and protein synthesis is realized. 
The cell then enters the G2 phase where again basal 
RNA and protein synthesis predominate. The modern 
surgical oncologist is knowledgable of the metabolic 
processes taking place during the different phases of 
the cell cycle and plans a multiple drug program. Ex- 
perience has taught us that multiple drugs are almost 
always more efficient than a single drug for the manage- 
ment of cancerous disorders. Additionally, a pulse-type 
program allows a greater dosage of drug to be delivered 
to the patient, thus rendering a more efficient anti- 
cancer effect. During the rest periods the patient is 
allowed to recover from the side effects deleterious to 
the GI tract, bone marrow, mucous membranes, and 
immunosuppressive effect. A drug regimen is selected 
based predominately on proven effectiveness against 
the tumor cell type being treated. Selection criteria 
should also include drugs that have little overlapping 
side effects and preferably those that will work at dif- 
ferent phases of the cell cycle. The oncologist will 
consider agents that interfere with transition from the 
G1 phase to the S phase. This drug will be used in 
combination with a drug interferring with cell mitosis 
and perhaps a third drug acting predominately to 
prevent progression from the S phase to the G2 phase. 

Many studies have been completed and reported 
»coneerning the therapeutic effect of various drug com- 
binations for metastatic melanoma. In 1970, Moon?? 
reported a 45% regression rate in 20 patients evaluated, 
utilizing a combination of BCNU and Vincristine sul- 
fate. Imidazole carboxamide (DTIC) has been the most 
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extensively studied single agent for metastatic mela- 
noma. Approximately one-third of the patients so 
treated will realize either objective tumor regression or 
stabilization of the metastatic lesion for periods of a 
few weeks to several months. There has been con- 
siderable interest in the effectiveness of the nitro- 
soureas because of the high propensity of melanoma 
to metastasize to the central nervous system. Ap- 
proximately 20% of the patients treated with either 
BCNU or CCNU will realize some therapeutic benefit. 
The greatest clinical experience has been realized for 
a combination drug regimen including DTIC, BCNU 
and Vincristine. Thirty to 40% of patients thus treated 
will realize meaningful clinical palliation. For the most 
part, responses have occurred in metastatic lesions in- 
volving skin, lymph nodes, and soft tissue. Responses 
in metastatic lesions involving the brain, lung, and liver 
are, for the most part, of relatively short duration and 
inconsistant to achieve. A more meaningful role for 
chemotherapeutic regimens will perhaps rest in their 
utilization as an adjuvant for control of subclinical 
disease. Numerous ongoing studies include different 
combinations of drugs being administered in a control 
fashion to patients with a relatively high likelihood for 
recurrence. Such patients would include those oper- 
ated for mucous membrane melanoma, Level IV and 
Level V primary lesions, and patients with disease not 
evident beyond regional lymph node metastases. 

The exact role of limb perfusion, as adjuvant or for 
management of recurrent disease remains unanswered. 
Shingleton, et al.” have recently reported a 28% five 
year survival rate in 43 patients treated by L-Phenyl- 
alanine mustard infusion for the management of re- 
current melanoma of the extremity. Similar statistics 
have been reported by Stehlin? and Krementz.? 
McBride, et al." have extended this form of therapy 
to include prophylactic isolated perfusion as a primary 
therapy for invasive melanoma of the limbs. When used 
in this fashion during the years of 1960 to 1970, the 
authors report on 202 patients with a two, five and 10 
year determinant survival rate of 98%, 86%, and 83% 
respectively. In those patients, 2% developed local re- 
currences, 3% developed intransigent metastases, 18% 
developed positive regional lymph nodes and 6% devel- 
oped disseminated disease as their first evidence of 
recurrence. Such improved statistics clearly merit fur- 
ther study utilizing this treatment approach as well as 
evaluation of more efficient single drug-multiple drug 
regimens. 


Immunotherapy 


Evidence collected during the past three decades 
has made it increasingly apparent that the host immune 
response plays an important role in the defense mech- 
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anism against the malignant process. The fact that in- 
fants born with immune deficiency have an extraor- 
dinarily high instance of spontaneous malignancy cou- 
pled with an 80 fold increase instance of malignancy 
in the immunosuppressed renal transplant patient, em- 
phasizes the potential importance of immune respon- 
siveness in the tumor-host relationship. Tumor allo- 
grafts have been reported in the renal allograft recipi- 
ent, whereas such an observation would be extremely 
rare in the immunocompetent host. Many spon- 
taneous human neoplasms have been demonstrated to 
have tumor specific or tumor associated antigens and 
both humoral and cellular immune responses to these 
antigens have been clearly documented. The un- 
predictable clincial course of melanoma includes a sig- 
nificant rate of spontaneous remission, a frequency of 
many years from removal of the primary to appearance 
of metastatic lesions, and a rapidly advancing primary 
lesion with widespread metastases and death within 
weeks. This variable host response indicates that there 
must be host factors affecting the survival and growth 
of tumor cells. 

Stuhlmiller and Seigler” have isolated at least two 
separate tumor antigen extracts from the membrane of 
melanoma cells by pronase digestion. These antigens 
are clearly separate from blood group antigens, fetal 
antigens, and HLA alloantigens. From their data one 
concludes that melanoma cells rapidly release large 
amounts of tumor associated antigen and that the re- 
lease and regeneration time in vivo is approximately 
four hours. Shui et al.?* have documented a humoral 
immune response to autologous melanoma cells quite 
separate from a humoral response to allogeneic mel- 
anoma cells. Such data indicate that melanoma ex- 
presses both autologous and cross-reacting tumor anti- 
gen specificities. Such data may prove extremely im- 
portant when the clinician begins to develop effective 
specific immunotherapeutic techniques for clinical 
trial. Gupta and Morton? have been able to elute 
specific anti-tumor antibodies from human melanoma 
tissues. Their results support the hypothesis that anti- 
tunfor antibodies are bound to melanoma cells in vivo. 

When the clinician considers immunotherapy he 
must consider the host-immune responsiveness, the 
immunogenicity of the tumor cell type, and the pos- 
sible presence of inhibiting or blocking substances in 
the serum of the tumor bearing patient. Immunotherapy 
may be administered as a) non-specific, active im- 
munotherapy, b) specific, active immunotherapy and, 
C) passive immunotherapy. 


Nan-specific, Active Immunotherapy 


Following Coley's original attempts, little was ac- 
complished until the past decade. Bacilli Calmette- 
Guerin, Corynebacterium parvum and vaccinia have 
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recently been employed as immunological adjuvants. 
Minden et al.” have demonstrated shared antigens be- 
tween BCG and neoplastic cells. Varashie and Sha- 
wer?? have observed a specific immunity against S91 
melanoma in Balb-c mice pretreated with BCG. Mor- 
ton's group?! has reported a recurrence rate in stage 
II melanoma of approximately 70% in control patients 
as compared to 35-40% in patients hyperimmunized 
with BCG following primary excision and regional 
lymphadenectomy. These authors emphasize that 
intralesional BCG is the most effective therapy, and 
that only rare responses are observed with subcutane- 
ous and visceral metastases. The two year survival 
rates reported for stage II melanoma patients sur- 
viving after regional lymphadenectomy alone or lymph- 
adenectomy with postoperative BCG hyperimmuni- 
zation are approximately 40% and 80% respectively. 
Similar results have been reported by Gutterman et al.’ 


Specific, Active Immunotherapy 


Simmons? demonstrated both a protective affect 
against tumor take as well as tumor regression in 
rodents hyperimmunized with neuraminidase treated 
autologous tumor cells. Our group has utilized x- 
irradiated, neuraminidase treated melanoma cells plus 
BCG for its adjuvant effect in the management of 240 
patients with melanoma. The survival rates at 24 
months in this patient population is 87%. The effi- 
ciency of hyperimmunization with x-irradiated, neur- 
aminidase treated melanoma cells plus BCG for the 
production of specific cytotoxic antibody to melanoma 
tumor cells was studied in this patient population. Stage 
I patients were uniform in their ability to develop 
specific anti-melanoma antibody in their serum while 
only 70% of stage II patients operated on for cure devel- 
oped anti-tumor antibody. Stage II patients not surgi- 
cally rendered free of gross disease were only 40% 
efficient in developing circulating antibody and stage 
III patients had demonstrable antibody in only 10% 
of 30 such cases evaluated. At the present time we are 
immunizing patients with Clark's III, IV, and V pri- 
mary lesions, all stage IA patients and Stage II pa- 
tients surgically rendered free of gross disease. The 
patients are followed for tumor specific cytotoxic anti- 
body in an effort to gain an understanding of the im- 
portance of humoral immunity in the host-tumor 
relationship. Control patients not booster immunized 
with no cytotoxic antibody are included in the'study 
protocol. Such experiments, in the future, may resolve 
many of the questions concerning the efficiency of 
specific active immunotherapy. ~ uw 


Passive Immunotherapy 


Adoptive transfer of specifically immune lympho- 
cytes to tumor-bearing rodent hosts has been partially 


- X 


10 SEIGLER AND FETTER 


successful in experiments conducted by Rapp? and 
Treves.?* We have utilized this technique in 174 pa- 
tients with metastatic melanoma. The patients were 
placed on a blood cell separator and approximately 
5 x 10° of their lymphocytes were obtained and layered 
on monolayers of melanoma cells maintained in tissue 
culture. These "sensitized"" autologous lymphocytes 
were returned to the patients in an effort to passively 
convey specific cell-mediated immunity to melanoma. 
In the 174 stage II and III patients studied, the one, 
two and three year survival rates observed were 87%, 
62%, and 57% respectively. Shin et al.?9 have recently 
reported long-term suppression of a transplanted solid 
tumor in a synegenic rodent model achieved by ad- 
ministration of cytotoxic antibody specific for the 
tumor cell type. Only anecdotal experience has been 
realized with this modality in man. Lawrence” has 
reported that transfer factor is capable of transferring 
immunity to skin allografts and certain fungal diseases. 
Preliminary clinical trials utilizing transfer factor in 
cancer patients has not been used extensively and no 
effectiveness has been documented. Pilch? has docu- 
mented that immune RNA extracted from lymphoid 
tissues of a zenogeneic host following immunization 
with a specific tumor type could induce immunity 
in synegenic rodent tumor recipients. At the present 
time, clinical trials utilizing synegenic RNA for the 
induction of tumor immunity in man are being evalu- 
ated. 

Numerous clinical trials are underway to evaluate the 
combined efficiency of alternating chemotherapy and 
immunotherapy in an effort to evaluate beneficial 
synergistic effect as compared to either treatment 
regimen alone. Ghose? has reported a rather dramatic 
remission with chlorambucil conjugated to specific 
goat anti-human melanoma antibody, Gutterman et al.’ 
have shown an augmented response in metastatic mela- 
noma lesions regional to BCG in patients infused with 
DTIC. 


Immunodiagnosis 


The clinician and pathologist together can usually es- 
tablish the diagnosis of melanoma. The site of the lesion 
coupled with its histological characteristics and the 
presence of melanin within the tumor cells usually 
renders the diagnosis relatively easy to make. Amel- 
anotic lesions may be much more difficult to diagnose. 
In many cases, the clinician is able to find the primary 
lesion and submits an amelanotic lesion to the 
pathglogist. In such instances the pathologist usually 
renders an interpretation of ‘‘undifferentiated carci- 
noma" or "undifferentiated carcinoma consistent with" 
a number of primary lesions. A DOPA stain or electron 
microscopy for melanosomes may be very helpful in 
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distinguishing the diagnosis of melanoma; however, 
both of these techniques have their shortcomings and 
are time consuming and not readily available. Immuno- 
logical diagnosis has great potential because of its 
specificity and sensitivity. The abundant evidence 
documenting melanoma specific antigens on the sur- 
face of tumor cells allows specific antibody identifica- 
tion. We have reported the production and characteri- 
zation of a specific chimpanzee anti-human melanoma 
antibody.** Our results utilizing this antibody have in- 
dicated that immunodiganosis of melanoma is quite 
specific, inexpensive and a simple technique for es- 
tablishment of the diagnosis. We have utilized both 
complement dependent cytotoxicity of the tumor cells 
and immunofluorescence of tissue slices. Both tech- 
niques are simple, rapid and could easily become rou- 
tine procedures in most clinical pathology labora- 
tories. Another promising use for the chimpanzee anti- 
melanoma antiserum is in a radioimmunoassay. Such 
assays are capable of detecting nanogram quantities of 
antigen and are being used clinically for detection of 
such substances as renin, gastrin, insulin and a variety 
of other hormones. We have much evidence to sug- 
gest that melanoma cells shed their tumor specific mem- 
brane antigens into the blood and that these may later 
appear in the urine. Because these antigens are found 
in the body fluids, it may be possible to develop a 
radioimmunoassay for the detection of these antigens. 
Such an assay could be used to monitor clinically 
tumor-free patients for detection of very early recur- 
rences. This would allow the clinician to institute 
surgery, chemotherapy, or immunotherapy at such a 
time that cure might still be possible before the tumor 
burden is great and the prognosis is grave. 


Summary 


Melanoma represents a malignant transformation of 
the melanocyte. While a variety of environmental or 
genetic factors may be important in its development, 
the biological course remains quite unpredictable. Mel- 
anoma with adjacent intraepidermal component of 
Hutchinson's melanotic freckle type is late to invade 
and can usually be managed locally and has an excel- 
lent prognosis. Superficial spreading melanoma is more 
pagetoid and circumscribed than Hutchinson’s freckle. 
It may invade the dermis and subcutaneous tissue but 
usually does so late in its course. Melanoma without 
adjacent intraepidermal component is usually referred 
to as nodular melanoma and has no preliminary 
spreading pigmentation and the growth is usually dome 
shaped. This lesion characteristically invades &he 
dermis and subcutaneous tissue. The clinical course of 
a melanoma can be predicted by the mitotic activity of 
the primary, by tumor thickness and depth of invasion. 
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A careful history plus physical examination, blood 
chemistries and stereoscopic chest x-ray should be ob- 
tained on all suspected patients. When indicated by 
clinical symptomatology or signs, or chemical abbera- 
tions, liver/spleen scan, bone scan and brain scan may 
be helpful for staging the disease. If abdominal symp- 
tomatology suggesting blood loss and intermittent ob- 
struction is present, a primary tube, small bowel x-ray 
study should be accomplished. Pulmonary tomograms 
are absolute prerequisites prior to thoracotomy. A rea- 
sonable treatment approach can be proposed if one con- 
siders the combined clinical reports of experienced 
medical centers. If the primary lesion involves only the 
epidermis and superficial papillary dermis, surgical ex- 
cision with an adequate margin is all that is required. 

Experience has taught us that if the primary mela- 
noma involves the papillary-reticular dermal interface 
and deeper structures, or if the mitotic activity of the 
primary is great and the tumor thickness is 1.5 mm. or 
greater, the patient has a high probability of developing 
recurrent and metastatic disease. A proposed treatment 
approach for such patients is suggested: (A) Head and 
Neck Lesions. Surgical excision of the primary and 
regional node dissection followed by immunotherapy if 
the lymph nodes are negative. Immunotherapy or 
combination chemotherapy for 12-18 months should 
be advised if the lymph nodes are positive. (B) 
Extremity Lesions. Excision of the primary and re- 
gional node dissection followed by immunotherapy if 
the nodes are negative. Immunotherapy, systemic 
combination chemotherapy or lower limb perfusion 
should be entertained if the nodes are positive. (C) 
Truncal Lesions. Surgical excision of the primary and 
regional node dissection only if the regional nodes are 
palpable and felt to be clinically involved. Adjuvant 
immunotherapy for the node negative patient and im- 
munotherapy or combination chemotherapy for the 
node positive patient for a period of 12-18 months is 
indicated. (D) Mucous Membrane Melanoma and Sub- 
ungal Lesions. Excision of the primary for mucous 
membrane lesions and amputation and regional node 
dissection for subungal lesions. Immunotherapy or 
chemotherapy should be instituted and continued for 
12-18 months. (E) Recurrent Local Disease. Wide 
surgical excision and split thickness skin grafting 
followed by immunotherapy or combination chemo- 
therapy or alternating chemo/immunotherapy. (F) 
Recurrent Lymph Node Disease. Surgical removal of 
the involved lymph nodes, if possible, followed by 
pulse type combination chemotherapy for at least 24 
months. (G) Small Bowel Disease. Documentation of 
the metastases by primary tube small bowel x-ray 
followed by resection of involved bowel and com- 
bination chemotherapy for at least 24 months. (H) Brain 
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Metastases. Documentation that the brain metastases 
are single by CT scan. If indeed the metastasis is 
solitary and can be safely removed surgically, this 
should be accomplished and the surgical procedure 
followed by whole head irradiation and either 
immunotherapy or combination chemotherapy for 
12-18 months. (D Pulmonary Metastases. If the 
clinician can document that a solitary pulmonary 
metastasis has a doubling time of greater than 30 days, 
the patient should be placed on combination chemo- 
therapy for an additional 60 days and if by pulmonary 
tomography no other lesions are demonstrable, wedge 
resection of the metastasis followed by combination 
chemotherapy for a period of at least 24 months is 
indicated. 

Patients with disseminated disease should be con- 
sidered for pulse type combination chemotherapy for 
palliation if the clinical situation suggests that the 
quality of life can be improved. Neurosurgical pro- 
cedures for pain relief should always be considered if a 
patient survival time of 60 days or greater can be 
predicted. 
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Surgical Treatment of Pulmonary Aspergilloma 


HOOSHANG SOLTANZADEH, M.D., ADAM R. WYCHULIS, M.D., FARROKH SADR, M.D., PAUL J. BOLANOWSKI, M.D., 


Fourteen patients with aspergilloma (fungus ball) were re- 
viewed. Hemoptysis was the major symptom (93%). Chest 
roentgenograms disclosed a ‘*fungus ball’’ in every patient, 
and the mycelia of Aspergillus fumigatus were recovered 
from all resected specimens. One of three patients treated by 
pneumonectomy died post-operatively. A lobectomy was per- 
formed in ten patients, and segmental resection in one without 
mortality or significant morbidity. There has been no evi- 
dence of recurrence in a follow up of six months to ten years. 
On the basis of this experience and a review of the literature, 
excision of a solitary **fungus ball" is recommended when the 
diagnosis is made. Non-surgical therapy should be reserved for 
patients whose general medical status or pulmonary reserve 
prohibit resection. 


HE FUNGUS Aspergillus Fumigatus was discovered 

by Mitcheli? in 1729 but the role of aspergilli in 
human pulmonary pathology was described by Vir- 
chow” in 1856. Slayter?? was the first to report a case of 
pulmonary Aspergillosis in 1847, while Gerstyl!? is 
credited with the first surgical resection for pulmonary 
Aspergillosis in 1948. In recent years, there have been 
divergent opinions regarding the best form of treatment 
for Aspergilloma.??:152*2? For this reason, we decided 
to review the combined experience at the New Jersey 
Medical School at Newark and affiliated hospitals. 
Fourteen cases of Aspergilloma were encountered 
during the years 1966 through 1974. 


Case Material 


During the past 10 years, 14 patients have been seen 
with* pulmonary aspergilloma. Eleven patients were 
Negro while the remainder were caucasian. Ages 
ranged from 35 years to 69 years, with the majority in 
the fifth, sixth and seventh decades. The male to 
female ratio was six to one. 

Hemoptysis was the predominant symptom in 13 
cases (93%) being massive in three. A chronic produc- 
tive cough was present in seven patients, Two patients 
complained of chest pain and weight loss was noted by 
two. Ten individuals were treated for tuberculosis in 
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the past. Of four additional patients with concommitant 
disease, there was one with diabetes mellitus and 
tuberculosis, one with diabetes, one with sarcoidosis 
and one with epidermoid carcinoma. 

Radiographic features typical of a "fungus ball" 
were noted in all 14 cases. The lesion was located in 
the left upper lobe (Fig. 1) in seven patients, in the 
right upper lobe (Fig. 2a) in 5 and in the right upper 
and middle lobes in one. The fungus ball associated 
with carcinoma was found in the right lower lobe. 
Sputum cultures were positive for aspergillosis in four 
of the six cases in which they were available. Cultures 
of the resected specimens were positive for Asper- 
gillus Fumigatus in all instances. 

Precipitin and complement fixation were positive 
in one of two cases in which these determinations 
were made. All patients underwent surgical treatment 
consisting of pneumonectomy in 3, lobectomy in 10, 
and segmental resection in one. One patient died in 
congestive heart failure seven days after pneumonec- 
tomy, and one patient had persistent air leak following 
lobectomy which responded to prolonged thoracotomy 
tube drainage. There has been no evidence of recur- 
rence in the 13 surviving patients followed from 
six months to ten years (Fig. 2b). 


Discussion 


Infection with aspergillus is uncommon. It has a low 
pathogenicity for man unless resistance is overcome by 
an overwhelming innoculum of fungus or a debilitating 
illness. Aspergillus Fumigatus is the most common 
species responsible for Aspergillosis in man. There are 
other forms such as A. nidulan, A. niger and A. flavus 
that can cause disease similar to that produced by A. 
Fumigatus.?7*?5 The respiratory tract is involved in 
about 90% of cases, half of which are superinfections 
of pre-existing pulmonary tuberculosis .?? . 

This organism also complicates other frequently 


. a 





Fic. 1. Sixty-nine year old male with Apergilloma of left upper 
lobe of lung. 


recognized pulmonary diseases such as bronchiectasis, 
sarcoidosis, and bronchogenic carcinoma.'! Less fre- 
quently encountered predisposing factors include 
pneumonia, bronchial cyst, lung abscess, pneumo- 
coniosis, and histoplasmosis. The association of 
Marie-Strumpell disease with aspergillosis has been 
reported by Krohn et al'* who encountered this com- 
bination in three of five patients with ankylosing 
spondylitis. The British Tuberculosis Association* 
collected a total of 544 patients with previous pul- 
monary tuberculosis who had persistent cavities of 
2.5 cm. in size and negative sputum cultures for one 
year. Chest x-rays revealed Aspergilloma in 11% and 
highly suggestive findings in another 4%. Aspergil- 
lomas were found most commonly in patients with 
large? thick-walled cavities for seven to eleven years. 
In another reported series of 18 patients with Aspergil- 
loma and underlying tuberculosis, eight had positive 
esputum cultures for acid fast bacillus.” Thus, active 
tuberculosis does not preclude the development of 
Aspergilloma. In our series, there was one case of 
Aspergilloma associated with active tuberculosis. 
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Crafton and Douglas® divided respiratory tract infec- 
tion with Aspergillus into four varieties on the basis of 
anatomic location and clinical manifestations. The first 
three include infection with allergic manifestations, in- 
fection associated with pulmonary necrosis, and dis- 
seminated Aspergillosis. The fourth mode of infection 
encountered is the Aspergilloma of "fungus ball" 
which forms the basis of this report. The typical Asper- 
gilloma is a mass of mycelia within a pulmonary cavity 
(Fig. 3) that is partially lined by modified bronchial 
epithelium. There is usually little or no surrounding 
inflammatory reaction." Progressively, the mass in- 
creases in size and may finally almost completely fill 
the cavity.5 Hemoptysis of varying degrees is the lead- 
ing symptom, occurring in 60-75% of the patients 
with Aspergilloma.!!°?49 Other symptoms in de- 
creasing order of incidence are cough, weight loss, 
fatigue, chest pain, fever and dyspnea. In our series, 
the incidence of hemoptysis was 93%, cough 65%, 
and weight loss 14%. 

Deve? was the first to describe the radiographic ap- 
pearance of an intracavitary Aspergilloma in 1938, but 





Fic. 2a. Tomogram reveals Aspergilloma of right upper lobe of 
lung in 47 year old male. 
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Fic. 3. Pathologic speci- 
men obtained from 35 year 
old female with sarcoidosis 
and A'spergilloma. Left up- 
per lobectomy was per- 
formed because of massive 
hemoptysis. 
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Fic. 2b. Chest roentgenogram 9 months after right upper 
lobectomy. 
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classic features of a "fungus ball were more com- 
pletely outlined by Monod in 1952.?? It is usually a 
rounded mass surrounded on its superior margin by a 
clear, crescent-shaped area (Fig. 4). The density of a 
mycetoma will shift its location within the cavity as the 
position of the patient is changed.'® 

Although it has been suggested that Aspergilloma 
is essentially a benign disease, it is well known that 
hemoptysis occurs frequently and may even be life 
threatening. Furthermore, the disseminated form of the 
disease can develop in a patient harboring the Asper- 
gillus if a debilitating illness occurs." We tend to 
agree with Solit and associates? who advocate re- 
moval of *'fungus ball’’ in all patients who are suitable 
candidates for operation. 

If the risk of surgery is prohibitive, other thera- 
peutic measures may be utilized. Amphotericin B has 
been commonly used in spite of unpredictable results 
and toxic reactions.'?^ Kilman et al'? have used the 
drug in four complicated cases and were unable to 
determine whether the Amphotericin B altered the 
course of infection in any of the patients.'? Aslam et al* 
and Ramirez?! obtained satisfactory results in several 
cases by endobronchial instillation of 1 or 2% Sodium 
Iodide and Amphotericin B. Natamycin has been used 








Fic. 4. 63 year old male with massive hemoptysis due to Asper- 
gilloma of right upper lobe of lung. 


as an aerosol inhalation for the treatment of aspergillo- 
sis in 3 cases by Henderson et al.? The technique 
consisted of pre-operative aerosol inhalation of Nata- 
mycin followed by evacuation of the fungus ball under 
local anesthesia through a limited thoracotomy in- 
cision. The cavity is then irrigated for several weeks 
with Natamycin.” In our opinion, medical treatment 
should be reserved for only those patients who are not 
surgical candidates. 
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A new 
surgical light 
based on our 
analysis of 
your needs. 


It evolved from in-depth studies 
of surgeons’ needs during the 
most demanding and complex 
surgical procedures. 

We watched the surgical team 
at work. We talked with members 
- of the team about their needs and 
desires, their likes and dislikes. 
We studied surgical techniques 
from the standpoint of produc- 
tivity, efficiency, costeffective- 
ness, and patient care. 

The result: Challenge 22, a 
lighting system that offers a 
uniquely broad combination of 





pluses that reflect the require- 
ments of today's O.R. suite. 

Pluses such as cool penetrating 
light that gives the surgical team 
superior insight into deep-cavity 
operations. Pluses that include a 
tungsten-halogen light source 
tested and found ideally suited 
for surgical lighting. And a spe- 
cially designed filter system that 
effectively reduces temperature 
and provides a cooler surgical 
environment. 





To satisfy diversified require- 
ments of diversified surgical pro- 
cedures, Challenge 22 is offered 
with a number of mounting sys- 
tems. Lightheads may be sus- 
pended from a central hub and 
rotating horizontal arms. They 
can also be track-mounted — either 
fixed or rotating. In any of these 
arrangements, Challenge offers 
excellent shadow control. 

Fixtures move freely, smoothly 
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and quietly — from within or out- 
side the sterile field — but do not 
“drift” once they re positioned. 
Light patterns and intensities 
can be adjusted to meet the 
requirements of various surgical 
procedures. 

These and other innovative 
features of Challenge 22 are the 
result of AMSCO's direct and 
continuing involvement with health 
care. An involvement that posi- 
tions AMSCO as both partner 
and problem solver to hospitals 
and the people who run them. 

And while Challenge 22 literally 
sheds new light on surgical pro- 
cedures, our entire involvement 
in health care is designed to 
achieve the same objective. . . 
figuratively. 

"Today. And well into the future. 
Your partner in 
Health-Care Progress 


AMSCO 


American Sterilizer Company 
. 


ERIE, PENNSYLVANIA -16512 


ANAEROBIC INTRA-ABDOMINAL 
INFECTIONS: | 


A MATTER OF MORBIDITY AND MORTALITY 





Beware the breached bowel 


Today, it is recognized that a majority of postoperative 
wound infections of the gastrointestinal tract are 
caused by contamination of the operative wound by 
endogenous organisms. When the bowel is opened by 
trauma, disease, or surgical manipulation, the 
organisms may gain access to the wound. Often, 
anaerobic fecal microorganisms are the cause of these 
infections. Even where visible spillage of contaminated Ee. 8 
bowel contents does not occur, the rate of sepsis in 
"clean contaminated" wounds is three times 
higher than in wounds contaminated only 
by bacterial fallout from the 
environment. 
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Summary 


d 


es fragilis, clostridia species, and anaerobic cocci. 
bic sepsis characterized by peritonitis and abscess 


Anaerobic fecal microorganisms are frequently implicated in the 
majority of postoperative abdominal wound infections. The major 
culprits are Bacteroi 
Intra-abdominal anaero 


formation usually starts between the seventh and tenth postoperative days. These 


intra-abdominal infections are associated with a particularly hi 


morbidity resulting in hospitalization of patients for periods of 


h incidence of 
1days to 80 days. 


As part of the total management of serious intra-abdominal infections, successful 


antibiotic therapy shou 


anaerobic as well as the aerobic pathogens that are present. 





The anaerobic trilogy 


In virtually all intra-abdominal 
infections, there is a recurring trilogy 
of anaerobes that are seen either 
singly or in combination, often mixed 
with aerobes. 

This trilogy is composed of 
Bacteroides fragilis, clostridia 
species, and anaerobic cocci, 
particularly peptostreptococci and 
peptococci. In studies, B. fragilis has 
been isolated from 65% of intra- 
abdominal infections, clostridia in 

60%, and anaerobic cocci in 32%. 


In sepsis, the seventh 
postoperative day 
can be significant 


‘The common wound 
fections caused by aerobic 
rganisms typically develop 
Clinical signs 
around the 
fifth to seventh 
postoperative 
day. Sepsis 
caused by 
anaerobic micro- 
sms occurs later in the post- 
i iod, usually between 
enthand tenth days. An intra- 
abdominal wound abscess that 
occurs weeks to several months 
postoperatively is almost always 
due to anaerobic microorganisms, 
often together with facultative 
bacteria. 


Clinical evidence 
of infection important 


The mere presence of aerobic or 
anaerobic bacteria in an operative 
incision is not synonymous with 

clinical infection. The differentiation 
between bacterial contamination and 























wound infection is a clinical decision. 
Evidence of wound sepsis includes 
wound tenderness that increases 
progressively in severity. Initially 
there is fever without spikes, but 
often spiking occurs in the afternoon 
or evening: returning to normal by 
morning. It is important to emphasize 
that a positive anaerobic culture with- 
out clinical signs is not an infection. 


Clinical course 
of anaerobic infections 


The first event in an anaerobic 
intra-abdominal infection is either 
generalized or localized peritonitis. 

If the patient survives early peritonitis, 
the usual progression is walling off of 
the infection, and abscess formation. 
These collections of pus can be 
located intraperitoneally, retro- 
peritoneally, or within the viscera. 
Whether in the early peritonitis stage 
or in the later abscess stage, culture 
of purulent material yields anaerobes 
in the majority of cases. In fact,90% 
to 96% of intra-abdominal infections 
occurring with bowel perforation 
have been reported to be associated 
with anaerobic bacteria. 


Unusually high incidence 
of morbidity 
and mortality 


The highest incidence of anaerobic 
wound infection (usually B. fragilis 
and gram-negative organisms such 
as E. coli may both be isolated) follows 
resection of the large bowel— 10% to 
15%. An infection rate of 5% to 10% 
may occur after surgical procedures 
involving the biliary tract and small 
intestine, whereas the rate following 
gastric or duodenal surgery is some- 
what lower. It should be borne in 
mind that these infection rates are 
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Id incorporate antibiotics indicated and effective against the 


for elective operations. However, in 
emergency surgery for perforated 
appendicitis, diverticulitis, or 
traumatic wounds of the intestine, 
the infection rate can approach 40%. 
Moreover, unusually long periods of 
morbidity are generally associated 
with intra-abdominal abscesses. 
Periods of hospitalization ranging 
from 21 days to 47 days for patients 
with intraperitoneal abscesses and 
57 days to 80 days for patients with 
retroperitoneal abscesses have been 
reported. Mortality rates have 
been reported to range from 276 for 
patients with abscesses complicating 
acute appendicitis to 100% in 
patients with undrained hepatic, 
pancreatic, or retroperitoneal 
abscesses. 


The role of antibiotics 
in therapy 


Marked reduction in morbidity and 
mortality inanaerobic intra-abdominal 
infections is possible with earlier 
diagnosis, adequate surgical drain- 
age, and proper choice of antibiotics. 
Successful use of antibiotics in 
infections complicating intestinal 
surgery involves knowledge of the 
probable organisms likely to be 
found in various Clinical settings, the 
susceptibility of these organisms to 
antibiotics, and the risk of the 
infection to the patient in any given 
set of circumstances. In general, 
antibiotic therapy for serious intra- 
abdominal infections, whether in the 
acute phase or in the chronic 
abscess stage, should include drugs 
to manage anaerobic bacteria as well 
as facultative and aerobic organisms. 

For information on one antibiotic 
to consider in treating serious intra- 
abdominal infections caused by 
infectious anaerobes, please turn 
the page. 


Upjohn | 
Therapeutic considerations... 


Anaerobic activity: Cleocin® 
PO. (clindamycin phosphate 
injection) has proved to be effec- 
tive in a variety of serious intra- 
abdominal infections caused by 
susceptible anaerobic orga- 
nisms including gram-positive 
cocci, and gram-positive and 
gram-negative bacilli. Specifi- 
cally, the activity of clindamycin 
has been established in the fol- 
lowing conditions: septicemia; 
serious intra-abdominal infec- 
tions such as peritonitis and 
intra-abdominal abscess; seri- 
ous infections of the female pel- 
vis and genital tract such as 
endometritis, nongonococcal 
tubo-ovarian abscess, pelvic 
cellulitis, and postsurgical 
vaginal cuff infection; serious 
lower respiratory tract infections 
such as empyema, anaerobic 
pneumonitis, and lung abscess; E 
and serious skin and soft-tissue f ieee 
infections caused by susceptible 

strains of bacteroides, fusobac- 

teria, eubacteria, actinomyces, 

peptococci, microaerophilic 

streptococci, and clostridia* 

Since disc susceptibility testing with current methods 

is not reliable for anaerobes, in vitro dilution methods should 
be used to determine susceptibility to clindamycin. 
Also of value in serious aerobic gram-positive infections 
caused by susceptible streptococci, staphylococci, and 
pneumococci. The use of Cleocin POs in gram-positive infec- 
tions has been investigated both clinically and bacteriologi- 
cally. Because of the risk of colitis, as described in the 
WARNING box, before selecting clindamycin the physician 
should consider the nature of the infection and the suitability 
of less-toxic alternatives (e.g., erythromycin). 

Indications include: serious lower respiratory tract in- 

_ fectjons such as pneumonia caused by susceptible staphylo- 
COCCI; serious soft-tissue infections such as deep abscesses 
and deep traumatic or surgical wound infections caused by 
susceptible staphylococci and streptococci; septicemia 
caused by susceptible staphylococci and streptococci; and 
acute hematogenous osteomyelitis caused by susceptible 
staphylococci. In many instances, the evaluated cases 


* Clostridia are more resistant than most anaerobes to clindamycin. Some species, e.g 
C. sporogengs and C. tertium, are frequently resistant to clindamycin 
š . 
. t 
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have been secondary to massive 
wounds, surgery, or debilitating 
disease. With few exceptions, 
the organisms proved suscepti- 
ble in vitro and were success- 
fully eradicated from the clinical 
lesions. 
Other therapeutic considera- 
tions: 

1. Cleocin POs (clindamy- 


Clinically effective in serious 
infections caused by penicillin- 
resistant or penicillinase-pro- 
ducing staphylococci. However, 
staphylococcal strains resistant 
to clindamycin have been en- 
countered, and susceptibility 
testing should be performed. 

2. Cleocin POs is useful in 
patients who are sensitive to 
penicillin. Clindamycin does not 
share antigenicity with the peni- 
cillins; however, hypersensitivity 
reactions have been reported 
— Wal with clindamycin therapy. If a 

—M 7 "à hypersensitivity reaction occurs, 

the drug should be discontinued. 

Serious anaphylactoid reactions 

require immediate emergency 

treatment with epinephrine. Oxygen and intravenous corti- 
costeroids should also be administered as indicated. 

Thus, Cleocin PO can fill a need for both penicillin- 
sensitive patients and those with serious infections caused 
by penicillin-resistant staphylococci. 

As with all antibiotics, Cleocin PO4 should be used with 
caution in atopic patients. Clindamycin has demonstrated 
cross-antigenicity with lincomycin. 

Cleocin POs should be reserved for serious infections 
where less-toxic antimicrobial agents are inappropriate, as 
described in the Indications section of the brief summary on 
the following page. 


If significant diarrhea or colitis occurs during therapy, 
this antibiotic should be discontinued. (See WARNING 
box and summary of prescribing information on follow- 
ing page.) e 
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STERILE SOLUTION — FOR INTRAMUSCULAR AND INTRAVENOUS USE 


Cleocin Phosphate 


(clindamycin phosphate injection, N.F.) 











CLEOCIN® PHOSPHATE (clindamycin phosphate 
injection) Sterile Solution—For Intramuscular 
and Intravenous Use. 






WARNING 


Clindamycin can cause severe colitis which 
may end fatally. Therefore, it should be re- 
served for serious infections where less toxic 
antimicrobial agents are inappropriate, 
as described in the Indications Section. It 
should not be used in patients with nonbac- 
terial infections, such as most upper respiratory tract infec- 
tions. The colitis is usually characterized by severe, persistent 
diarrhea and severe abdominal cramps and may be associated 
with the passage of blood and mucus. Endoscopic examina- 
tion may reveal pseudomembranous colitis. 

When significant diarrhea occurs, the drug should be dis- 
continued or, if necessary, continued only with close observa- 
tion of the patient. Large bowel endoscopy has been 
recommended. 

Antiperistaltic agents such as opiates and diphenoxylate 
with atropine (Lomotil®) may prolong and/or worsen the con- 

ition. 

Diarrhea. colitis, and pseudomembranous colitis have been 
observed to begin up to several weeks following cessation of 
therapy with clindamycin. 












Each ml contains: 


clindamycin phosphate equivalent to.....................sssessss. 150 mg 

clindamycin base 
benzyl'alCohol.. easier at e ete Ernie peores esee peur 5 mg 
disodiumvedetale.. «.. nog or ceo eo o eter po th ote epee aaa eE SiiS 0.5 mg 


water for InJeCblOlt. sesiis iecetese ac taro beer tane esee u ceno te tenete Pads qs 

When necessary, pH adjusted with NaOH and/or HCI. 

Indications: Clindamycin is indicated in the treatment of serious 
infections caused by susceptible anaerobic bacteria. 

_Clindamycin is also indicated in the treatment of serious infec- 
tions due to susceptible strains of streptococci, pneumococci, and 
staphylococci. Its use should be reserved for penicillin-allergic 
patients or other patients for whom, in the judgment of the physician, 
a penicillin is inappropriate. Because of the risk of colitis, as de- 
scribed in the WARNING box, before selecting clindamycin the phy- 
sician should consider the nature of the infection and the suitability 
of less toxic alternatives (e.g., erythromycin). 

Anaerobes: Serious respiratory tract infections such as empyema, 
anaerobic pneumonitis and lung abscess; serious skin and soft 
tissue infections; septicemia; intra-abdominal infections such as 
peritonitis and intra-abdominal abscess (typically resulting from 
anaerobic organisms resident in the normal gastrointestinal tract); 
infections of the female pelvis and genital tract such as endometritis, 
nongonotoccal tubo-ovarian abscess, pelvic cellulitis and postsurgi- 
cal vaginal cuff infection. 

Streptococci: Serious respiratory tract infections; serious skin and 
soft tissue infections; septicemia. 

Staphylococci: Serious respiratory tract infections; serious skin 
and m tissue infections; septicemia; acute hematogenous osteo- 
myelitis. 

Pneumococci: Serious respiratory tract infections. 

_ Adjunctive Therapy: In the surgical treatment of chronic bone and 
joint infections due to susceptible organisms. Indicated surgical 
procedures should be performed in conjunction with antibiotic 
therapy. 

Bacteriologic studies should be performed to determine the caus- 

ative organisms and their susceptibility to clindamycin. 
Contraindications: History of hypersensitivity to clindamycin or 
lincomytin. 
Warnings: (See WARNING box.) Mild cases of colitis may respond to 
drug discontinuance alone. Moderate to severe cases should be 
managed promptly with fluid, electrolyte and protein supplementa- 
tion as indicated. Systemic corticoids and corticoid retention enemas 
may help relteve the colitis. Other causes of colitis should also be 
considered. 

* A careful inquiry should be made concerning previous sensitivities 


. ° to drugs and other allergens. Antagonism has been demonstrated 


between clindamycin and erythromycin in vitro. Be- 
cause of possible clinical significance, these two 
drugs should not be administered concurrently. 

Usage in Pregnancy: Safety for use in pregnancy 
has not been established. 

Usage in Newborns and Infants: When clindamy- 
cin phosphate is administered to newborns and 
infants, appropriate monitoring of organ system 
functions Is desirable. 

Nursing Mothers: Clindamycin has been reported 
to appear in breast milk in ranges of 0.7 to 3.8 
mcg/ml. 

Usage in Meningitis: Since clindamycin does not diffuse ade- 
quately into the cerebrospinal fluid, the drug should not be used in 
meningitis. 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE. OXYGEN AND INTRAVENOUS 
CORTICOSTEROIDS SHOULD ALSO BE ADMINISTERED AS INDICATED. 
Precautions: Review of experience to date suggests that a subgroup 
of older patients with associated severe illness may tolerate diarrhea 
less well. When clindamycin is indicated in these patients, they 
should be carefully monitored for change in bowel frequency. Pre- 
scribe with caution in individuals with a history of gastrointestinal 
disease, particularly colitis. . . 

Do not inject intravenously as an undiluted bolus; infuse as di- 
rected in package insert. Indicated surgical procedures should be 
performed in conjunction with therapy. Patients with very severe 
renal disease and/or very severe hepatic disease accompanied by 
severe metabolic aberrations should be dosed with caution and 
serum clindamycin levels monitored during high dose therapy. 

Prescribe with caution in atopic individuals. During prolonged 
therapy, periodic liver and kidney function tests and blood counts 
should be performed. Use may result inovergrowth of nonsusceptible 
organisms, particularly yeast Should superinfection occur, adjust 
therapy as Clinical situation dictates. Clindamycin has been shown 
to have neuromuscular blocking properties that may enhance the 
action of other neuromuscular blocking agents. Use with caution in 
patients receiving such agents. ; 
Adverse Reactions: Gastrointestinal: Abdominal pain, nausea, vomit- 
ing and diarrhea. (See WARNING box.) Hypersensitivity Reactions: 
Maculopapular rash and urticaria have been observed. Generalized 
mild to moderate morbilliform-like skin rashes are the most fre- 
quently reported of all adverse reactions. Rare instances of erythema 
multiforme, some resembling Stevens-Johnson syndrome, have 
been associated with clindamycin. A few cases of anaphylactoid 
reactions have been reported. [f a hypersensitivity reaction occurs, 
the drug should be discontinued. The usual agents (epinephrine, 
corticosteroids, antihistamines) should be available for emergency 
treatment of serious reactions. Liver: Jaundice and abnormalities in 
liver function tests have been observed during clindamycin therapy. 

Hematopoietic: Neutropenia, eosinophilia, agranulocytosis and 
thrombocytopenia have been reported; no direct etiologic relation- 
ship to concurrent clindamycin therapy has been made. 

Local Reactions: Pain, induration and sterile abscess have been 
reported after intramuscular injection and thrombophlebitis after 
intravenous infusion. Reactions can be minimized or avoided by 
giving deep intramuscular injections and avoiding prolonged use of 
indwelling intravenous catheters. 

How Supplied: Available as sterile solution with each ml containing 
clindamycin phosphate equivalent to 150 mg clindamycin base. 
Ampoules of 2 and 4 ml. 

Caution: Federal law prohibits dispensing without prescription. 

For additional product information see your Upjohn representative. 
J-5429-9 MEDB-5-S 
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Potent analgesics often do 
more than provide pain relief. 
And that can be a problem. 


A patient in severe pain needs a potent analgesic. 
But potent analgesics can also produce some extreme 
adverse effects. Such as respiratory depression, hypoten- 
sion, urinary retention and constipation. 

With Talwin the incidence of such effects is low 

So by choosing Talwin, you can treat one problem 
(pain) and minimize the chances of the others. Which are 
two good reasons for choosing Talwin in a great majority 
of hospital situations calling for potent analgesia. 


In moderate to severe pain 


EM F iwi n Lactate 


injection, NF 


Alternative 
to opiates. 


*With Talwin, the commonly occurring reactions are nausea, dizziness, among others. 
Although rare, acute central nervous system manifestations have been reported. 





See important product information concerning warnings, adverse reactions, 
patient selection, and prescribing and precautionary recommendations on following page. 
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Talwin® lactate 
Brand of pentazocine lactate injection, NF 


Analgesic for Parenteral Use 


Description: Talwin lactate (brand of pentazocine 
lactate injection) is a member of the benzazocine 
series (also known as the benzomorphan series). 
Chemically, pentazocine lactate is 1,2,3,4,5,6- 
hexahydro -6,11 -dimethyl -3-(3-methyl-2-butenyl) 
-2,6-methano-3-benzazocin-8-ol lactate, a white, 
crystalline substance soluble in acidic aqueous 
Solutions. 
Actions: Talwin is a potent analgesic and 30 mg. 
is usually as effective an analgesic as morphine 
10 mg. or meperidine 75 to 100 mg.; however, a 
few studies suggest the Talwin to morphine ratio 
may range from 20 to 40 mg. Talwin to 10 mg. 
morphine. The duration of analgesia may some- 
times be less than that of morphine. Analgesia 
usually occurs within 15 to 20 minutes after intra- 
muscular or subcutaneous injection and within 
2 to 3 minutes after intravenous injection. Talwin 
weakly antagonizes the analgesic effects of mor- 
phine, meperidine, and phenazocine; in addition, 
it produces incomplete reversal of cardiovascu- 
lar, respiratory, and behavioral depression in- 
duced by morphine and meperidine. Talwin has 
about 1/50 the antagonistic activity of nalorphine. 
It also has sedative activity. 
Indications: For the relief of moderate to severe 
pain. Talwin may also be used for preoperative 
or preanesthetic medication and as a supplement 
to surgical anesthesia. 
Contraindication: Talwin should not be adminis- 
tered to patients who are hypersensitive to it. 
Warnings: Drug Dependence. Special care should 
be exercised in prescribing pentazocine for emo- 
tionally unstable patients and for those with a 
history of drug misuse. Such patients should be 
closely supervised when long-term therapy is 
contemplated. There have been instances of 
psychological and physical dependence on 
Talwin in patients with such a history and, rarely, 
in patients without such a history. Abrupt discon- 
tinuance following the extended use of paren- 
teral Talwin has resulted in symptoms such as 
abdominal cramps, elevated temperature, rhinor- 
rhea, restlessness, anxiety, and lacrimation. Even 
when these occurred, discontinuance has been 
accomplished with minimal difficulty. In the rare 
patient in whom more than minor difficulty has 
been encountered, reinstitution of parenteral 
Talwin with gradual withdrawal has ameliorated 
the patient's symptoms. Substituting methadone 
or other narcotics for Talwin in the treatment of 
the Talwin abstinence syndrome should be 
avoided. 
In prescribing parenteral Talwin for chronic use, 
particularly if the drug is to be self-administered, 
the physician should take precautions to avoid 
increases in dose and frequency of injection by 
the patient and to prevent the use of the drug in 
anticipation of pain rather than for the relief of 
ain. 
Tusi as with all medication, the oral form of 
Talwin is preferable for chronic administration. 
Tissue Damage at Injection Sites. Severe scle- 
rosis of the skin, subcutaneous tissues, and 
underlying muscle have occurred at the injection 
sites of patients who have received multiple 
doses of pentazocine lactate. Constant rotation 
of injection sites is, therefore, essential. In addi- 
tion, animal studies have demonstrated that 
Talwin is tolerated less well subcutaneously than 
intramuscularly. (See DOSAGE AND ADMINIS- 
TRATION.) 
Head Injury and Increased Intracranial Pressure. 
As in the case of other potent analgesics, the 
potential of Talwin lactate for elevating cerebro- 
spinal fluid pressure may be attributed to CO: 
retention due to the respiratory depressant ef- 
fects of the drug. These effects may be markedly 
exaggerated in the presence of head injury, 
other intracranial lesions, or a preexisting in- 
crease in intracranial pressure. Furthermore, 
Talwin can produce effects which may obscure 
the clinical course of patients with head injuries. 
In such patients, Talwin must be used with ex- 


treme caution and only if its use is deemed 
essential. 

Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been estab- 
lished. Animal reproduction studies have not 
demonstrated teratogenic or embryotoxic ef- 
fects. However, Talwin should be administered 
to pregnant patients (other than labor) only when, 
in the judgment of the physician, the potential 
benefits outweigh the possible hazards. Patients 
receiving Talwin during labor have experienced 
no adverse effects other than those that occur 
with commonly used analgesics. Talwin should 
be used with caution in women delivering prema- 
ture infants. 

Acute CNS Manifestations. Patients receiving 
therapeutic doses of Talwin have experienced, 
in rare instances, hallucinations (usually visual), 
disorientation, and confusion which have cleared 
spontaneously within a period of hours. The 
mechanism of this reaction is not known. Such 
patients should be very closely observed and 
vital signs checked. If the drug is reinstituted, it 
should be done with caution since the acute CNS 
manifestations may recur. 

Usage in Children. Because clinical experience 
in children under twelve years of age is limited, 
tne use of Talwin in this age group is not recom- 
mended. 

Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, am- 
bulatory patients should be warned not to oper- 
ate machinery, drive cars, or unnecessarily ex- 
pose themselves to hazards. 

Precautions: Certain Respiratory Conditions. The 
possibility that Talwin may cause respiratory 
depression should be considered in treatment of 
patients with bronchial asthma. Talwin should be 
administered only with caution and in low dos- 
age to patients with respiratory depression (e.g., 
from other medication, uremia, or severe infec- 
tion), severely limited respiratory reserve, ob- 
structive respiratory conditions, or cyanosis. 
Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
Causes or increases renal or hepatic impairment, 
the drug should be administered with caution to 
patients with such impairment. Extensive liver 
disease appears to predispose to greater side 
effects (e.g., marked apprehension, anxiety, diz- 
ziness, sleepiness) from the usual clinical dose, 
and may be the result of decreased metabolism 
of the drug by the liver. 

Myocardial Infarction. As with all drugs, Talwin 
should be used with caution in patients with 
myocardial infarction who have nausea or 
vomiting. 

Biliary Surgery. As with all strong analgesics, 
Taiwin should be used with caution in patients 
about to undergo surgery of the biliary tract since 
it may cause spasm of the sphincter of Oddi. 
Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
given narcotics, including methadone for the 
daily treatment of narcotic dependence, have 
experienced withdrawal symptoms after receiv- 
ing Talwin. 

CNS Effect. Caution should be used when Talwin 
is administered to patients prone to seizures; 
seizures have occurred in a few such patients in 
association with the use of Talwin although no 
cause and effect relationship has been estab- 
lished. 

Adverse Reactions: The most commonly occur- 
ring reactions are: nausea, dizziness or light- 
headedness, vomiting, euphoria. 

Dermatologic Reactions: Soft tissue induration, 
nodules, and cutaneous depression can occur at 
injection sites. Ulceration (sloughing) and severe 
sclerosis of the skin and subcutaneous tissues 
(anc, rarely, underlying muscle) have been re- 
ported after multiple doses. 

Infrequently occurring reactions are—respiratory: 
respiratory depression, dyspnea, transient apnea 
in a small number of newborn infants whose 
mothers received Talwin during labor; cardio- 
vascular: circulatory depression, shock, hyper- 
tension; CNS effects: sedation, alteration of 


In moderate to severe pain 


Brand of 


inectane ALWIN Lactate 


mood (nervousness, apprehension, depression, 
floating feeling), dreams; gastrointestinal: con- 
Stipation, dry mouth; dermatologic including 
local: diaphoresis, sting on injection, flushed 
skin including plethora, dermatitis including pru- 
ritus; other: urinary retention, headache, pares- 
thesia, alterations in rate or strength of uterine 
contractions during labor. 

Rarely reported reactions include—neuromuscu- 
lar and psychiatric: muscle tremor, insomnia, 
disorientation, hallucinations; gastrointestinal: 
taste alteration, diarrhea and cramps; ophthal- 
mic: blurred vision, nystagmus, diplopia, miosis; 
hematologic: depression of white blood cells 
(especially granulocytes), which is usually re- 
versible, moderate transient eosinophilia; other: 
tachycardia, weakness or faintness, chills, aller- 
gic reactions including edema of the face, toxic 
epidermal necrolysis. 

See Acute CNS Manifestations and Drug De- 
pendence under WARNINGS. 

Dosage and Administration: Adults, Excluding 
Patients in Labor. The recommended single par- 
enteral dose is 30 mg. by intramuscular, sub- 
cutaneous, or intravenous route. This may be 
repeated every 3 to 4 hours. Doses in excess of 
30 mg. intravenously or 60 mg. intramuscularly 
or subcutaneously are not recommended. Total 
daily dosage should not exceed 360 mg. 

The subcutaneous route of administration should 
be used only when necessary because of pos- 
sible severe tissue damage at injection sites 
(see WARNINGS). When frequent injections are 
needed, the drug should be administered intra- 
muscularly. In addition, constant rotation of in- 
jection sites (e.g., the upper outer quadrants of 
the buttocks, mid-lateral aspects of the thighs, 
and the deltoid areas) is essential. 

Patients in Labor. A single, intramuscular 30 mg. 
dose has been most commonly administered. An 
intravenous 20 mg. dose has given adequate 
pain relief to some patients in labor when con- 
tractions become regular, and this dose may be 
given two or three times at two- to three-hour 
intervals, as needed. 


Children Under 12 Years of Age. Since clinical ' 


experience in children under twelve years of age 
is limited, the use of Talwin in this age group is 
not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates because 
precipitation will occur. 

Overdosage: Manifestations. Clinical experience 
with Talwin overdosage has been insufficient to 
define the signs of this condition. 

Treatment. Oxygen, intravenous fluids, vasopres- 
Sors, and other supportive measures should be 
employed as indicated. Assisted or controlled 
ventilation should also be considered. Although 
nalorphine and levallorphan are not effective 
antidotes for respiratory depression due to over- 
dosage or unusual sensitivity to Talwin, paren- 
teral naloxone (Narcan®, available through Endo 
Laboratories) is a specific and effective antagc- 
nist. 

Talwin is not subject to narcotic controls. 


How Supplied: Uni-Amp8—Individual unit dose ` 


ampuls of 1 ml. (30 mg.), 1% ml. (45 mg.), and 
2 ml. (60 mg.) in boxes of 25. 

Ampuls of 1 mi. (30 mg.), 1% ml. (45 mg.), and 
2 ml. (60 mg.) in (nested) boxes of 25. 

Each 1 ml. contains pentazocine lactate equiva- 
lent to 30 mg. base and 2.8 mg. sodium chloride, 
in water for injection. 

Multiple dose vials of 10 ml., each 1 ml. contain- 
ing pentazocine lactate equivalent to 30 mg. 
base, 2 mg. acetone sodium bisulfite, 1.5 mg. 
sodium chloride, and 1 mg. methylparaben as 
preservative, in water for injection. Boxes of 1. 
The pH of Talwin solutions is adjusted between 
4 and 5 with lactic acid and sodium hydroxide. 
The air in the ampuls and vials has been dis- 
placed by nitrogen gas. 





pentazocine lactate injection, NF  . 


Alternative to opiates. — 
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PONPROPYLENE SUTURE 


After seven years and thousands of procedures, 
PROLENE suture continues to prove its clinically important 
qualities and characteristics} Monofilament smoothness, 





à strength, pliability, knot sec brity and resistance to 
fatigue-induced fracture. In&rt PROLENE suture induces 
only a minimal tissue reaction and does not harbor bacteria. 
PROLENE suture retains jt vivo tensile strength after 

A prolonged implantation even in the presence of infection. 


ETHICON X 


ig PROLENE* ac ts lene Nonabsorbable Surgical Suture WITH ATRALEASE* CONTROL RELEASE* Needle differs from U.S.P. only in needle attachment 
limits. INDICATIONS — PROLENE Po! Jene Suture may be used wherever a nonabsorbable surgical suture is recommended. CONTRAINDICATIONS — 
None known. WARNINGS — ATRALEASE CONTROL RELEASE needle sutures should not be resterilized by steam autoclave as it may affect needle pull-off. 
+ PRECAUTIONS — As with other synthetic sutures, knot oe vires the standard surgical technic of flat and square ties, with additional throws if indicated b 
surgical circumstance and experi of the operator. AD’ CTIONS — Transitory local inflammatory reactions have been reported. SUPPLIED — 
* A LEASE CONTROL RELEASE needle sutures are available in pigmented and clear sutures, sizes 2 thru 4/0. See package insert for full information. | 
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Postoperative surgical infections 

Recent advances in surgical technique have been so remark- 
able that now total joints can be replaced with prosthetic 
devices. But the introduction of foreign materials— 
protheses, pins, nails, screws —designed to replace damaged 
partsor facilitate healing, can often lead to infection. Common- 
ly, the implicated organism will be a penicillinase-producing 
staph. Progression can be swift and devastating. 


Initial antistaph therapy: injection 

It's vitally important that effective treatment of bacterial inva- 
sion begin as soon as possible. If you suspect the presence 
of staph and must begin therapy before definitive culture 
results are known, Injection Unipen® (nafcillin sodium)t is a 
particularly suitable agent. 


Appropriate specimens for bacteriologic studies to determine 
the causative organisms and their susceptibility to nafcillin 
should be taken prior to the first dose of antibiotic.t And, if 
those studies subsequently implicate organisms other than 
penicillinase-producing staphylococci sensitive to nafcillin, 
discontinue it and administer the appropriate antibiotic. 


Rapid penetration 

Unipen appears rapidly in plasma following intramuscular 
administration. Penetrates body tissues in high concentra- 
tion and diffuses well into pleural, pericardial and synovial 
fluids. 

"On call" capability 

Reconstitutes in less than 60 seconds. Remains stable for 
24 hours € 


Follow-up therapy: tablets 

Unipen is available in tablet form as well as parenteral. So the 
injectable form can be used initially in severe infections. And 
as soon as the clinical condition warrants, Unipen tablets 
allow you to continue antistaph therapy with the same anti- 
biotic in a form more agreeable to most patients. 
*Nafcillin-susceptible penicillinase-producing staphylococci 


TSee Important Note on next page 
tSee important information under Parenteral Administration on next page. 
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Disc Susceptibility Tests: Quantitative methods that require 
measurement of zone diameters give the most precise estimates of 
antibiotic susceptibility. One such procedure* has been recom- 
mended for use with discs for testing susceptibility to penicillinase- 
resistant penicillin-class antibiotics. Interpretations correlate diam- 
eters on the disc test with MIC values for penicillinase-resistant 
penicillins. With this procedure, a report from the laboratory of 
"susceptible" indicates that the infecting organism is likely to 
respond to therapy. A report of "resistant" indicates that the infect- 
ing organism is not likely to respond to therapy. A report of “‘inter- 
mediate susceptibility" suggests that the organism would be 
susceptible if high dosage is used, or if the infection is confined to 
tissues and fluids (e.g., urine) in which high antibiotic levels are 
attained. 

*Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic 
Testing by a Standardized Single-Discs Method, Am. J. Clin. Pathol., 
45:493, 1966; Standardized Disc Susceptibility Test, FEDERAL REGISTER 
37:20527-29, 1972. 

Indications: Although the principal indication for nafcillin sodium 
is in the treatment of infections due to penicillinase-producing 
staphylococci, it may be used to initiate therapy in such patients in 
whom a staphylococcal infection is suspected. (See Important 
Note below.) 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to nafcillin sodium should be performed. 

In serious, life-threatening infections, oral preparations of the 

penicillinase-resistant penicillins should not be relied on for 
initial therapy. 
Important Note: When it is judged necessary that treatment be 
initiated before definitive culture and sensitivity results are known, 
the choice of nafcillin sodium should take into consideration the fact 
that it has been shown to be effective only in the treatment of infec- 
tions caused by pneumococci, Group A beta-hemolytic streptococci 
and penicillin G-resistant and penicillin G-sensitive staphylococci. 
If the bacteriology report later indicates the infection is due to an 
organism other than a penicillin G-resistant staphylococcus sensitive 
to nafcillin sodium, the physician is advised to continue therapy with 
a drug other than nafcillin sodium or any other penicillinase- 
resistant semi-synthetic penicillin. 

Recent studies have reported that the percentage of staphylococcal 
isolates resistant to penicillin G outside the hospital is increasing, 
approximating the high percentage of resistant staphylococcal iso- 
lates found in the hospital. For this reason, it is recommended that 
a penicillinase-resistant penicillin be used as initial therapy for any 
suspected staphylococcal infection until culture and sensitivity 
results are known. 

Methicillin is a compound that acts through a mechanism similar 
to that of nafcillin sodium against penicillin G-resistant staphylo- 
cocci. Strains of staphylococci resistant to methicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resulting 
in fatality. Because of this there is concern that widespread use of 
the penicillinase-resistant penicillins may result in the appearance 
of an increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Contraindications: A history of allergic reaction to any of the 
penicillins is a contraindication. 

Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported in patients on penicillin 
therapy. Although anaphylaxis is more frequent following parenteral 
therapy it has occurred in patients on oral penicillins. These re- 
actions are more apt to occur in individuals with a history of 
sensitivity to multiple allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersen- 
sitivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to penicillins, cephalosporins, and other 
allergens. If an allergic reaction occurs, appropriate therapy should 


be instituted, and discontinuation of nafcillin therapy considered. 
The usual agents (antihistamines, pressor amines, corticosteroids) 
should be readily available. 

Precautions: As with any potent drug, periodic assessment of 
organ system function, including renal, hepatic and hematopoietic, 
should be made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 

because of the possibility of thrombophlebitis. 
Adverse Reactions: Reactions to nafcillin sodium have been 
infrequent and mild in nature. As with other penicillins, the possi- 
bility of an anaphylactic reaction or serum sickness-like reactions 
should be considered. A careful history should be taken. Patients 
with histories of hay fever, asthma, urticaria, or previous sensi- 
tivity to penicillin are more likely to react adversely. 

The few reactions associated with the intramuscular use of nafcillin 
sodium have been skin rash, pruritus, and possible drug fever. As 
with other penicillins, reactions from oral use of the drug have in- 
cluded nausea, vomiting, diarrhea, urticaria, and pruritus. 
Parenteral Administration: |t is recommended that parenteral 
therapy be used initially in severe infections. The patient should be 
placed on oral therapy with this product as soon as the clinical condi- 
tion warrants. Very severe infections may require very high doses. 

Intravenous Route: The required amount of drug should be 
diluted in 15 to 30 ml. of Sterile Water for Injection, U.S.P., or 
Sodium Chloride Injection, U.S.P., and injected over a 5- to 10- 
minute period. This may be accomplished through the tubing of an 
intravenous infusion if desirable. 

Stability studies on nafcillin sodium at concentrations of 2 mg/ml 
and 30 mg/ml in the following intravenous solutions indicate the 
drug will lose less than 10% activity at room temperature (70° F.) 
during the time period stipulated : 


Isotonic sodium chloride : " sss 24 hours 
5% dextrose in water . rw ensruriosr Sonde NS 
5% dextrose in 0.4% 

sodium chloride solution. .......... ...........24 hours 
Ringer's solution. |... 2.02... eee eee... .24 hours 
M/6 sodium lactate solution 

(conc. of 30 mg/ml) A 24 hours 


Discard any unused portions of intravenous solutions after 
24 hours. 

Only those solutions listed above should be used for the intra- 
venous infusion of Unipen® (nafcillin sodium). The concentration of 
the antibiotic should fall within the range of 2 to 30 mg/ml. The drug 
concentrate and the rate and volume of the infusion should be 
adjusted so that the total dose of nafcillin is administered before 
the drug loses its stability in the solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 

Intramuscular Route: The clear solution should be administered 
by deep intragluteal injection immediately after reconstitution. 
After reconstitution, keep refrigerated (2°-8° C.) and use within 
7 days or keep at room temperature (25° C.) and use within 3 days. 
Oral Administration: Beta-hemolytic streptococcal infections 
should be treated for at least 10 days to prevent development of 
acute rheumatic fever or glomerulonephritis. 

If oral therapy is inadequate, resort to parenteral nafcillin sodium. 

After mixing, the oral solution must be stored in a refrigerator. 
Discard any unused portion after one week. 

Supplied: INJECTION (VIALS)—Supplied in vial sizes of 500 mg., 
1 gram, and 2 gram nafcillin sodium as the monohydrate, buffered. 
When reconstituted as recommended, the contents of each vial pro- 
vide, respectively, 2-, 4- or 8-ml. of nafcillin sodium solution 
equivalent per m/. to 250 mg. nafcillin buffered with 10 mg. sodium 
citrate. Film-coated TABLETS—containing nafcillin sodium as the 
monohydrate, equivalent to 500 mg. nafcillin buffered with calcium 
carbonate. CAPSULES—containing nafcillin sodium, as the mono- 
hydrate, equivalent to 250 mg. nafcillin buffered with calcium car- 
bonate. FOR ORAL SOLUTION— Bottle of dry nafcillin sodium as 
monohydrate—powder for reconstitution to provide 100 ml. of 
solution containing nafcillin sodium equivalent to 250 mg. nafcillin 
per 5 ml. 
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Treatment of Peptic Ulcer Disease in the Renal 


Transplant Patient 


MILTON L. OWENS, M.D., EDWARD PASSARO, JR., M.D., SAMUEL E. WILSON, M.D., H. EARL GORDON, M.D. 


This study reviews previous reports of peptic ulcer disease 
in kidney transplant recipients and includes our own experi- 
ence. Between 1968— 1976, 12 transplant centers reported on 
gastrointestinal complications occurring in 1853 renal trans- 
plant recipients. Among these are 52 patients in whom peptic 
ulcers developed before transplantation and 72 patients in 
whom peptic ulcers developed after transplantation. In- 
cluded are 21 patients with peptic ulcer from 115 renal trans- 
plant recipients at VA Wadsworth Hospital. Patients who 
were operated upon for peptic ulcer before transplant were 
compared to patients with peptic ulcer before transplant but 
who were not operated upon. Ulcer recurrence was signifi- 
cantly lower in the operated group p< .0003. Following 
transplantation 59 of 68 patients with peptic ulcer disease 
presented with bleeding or perforation. Mortality was high: 
31 deaths in 72 patients (43%). Symptoms usually occurred 
early, 74% in 6 months, but 19% occurred after one year. 
The mortality from duodenal, gastric, combined gastric and 
duodenal and recurrent ulcers did not differ significantly. 
Elective surgery is indicated for peptic ulcer when demon- 
strated before or after kidney transplantation. 
T ARE NO CLEAR guidelines to therapy for the 
patient who develops a peptic ulcer before or 
after renal transplant. Some believe the hazard of 
peptic ulcer is not altered by renal transplantation,” 
others routinely perform prophylactic surgery for ulcer 
disease in the pretransplant period.? The effect of a 
renal transplant and the drugs used for immunosup- 
pression on the course of ulcer disease is not known. 

This study reviews previous reports of peptic ulcer 
in the peritransplant period and includes our own ex- 
perience. The data is analyzed to determine the risk 
of peptic ulcer in the transplant patient and establish 
guidelines for therapy. 

Between 1968-1975, 12 transplant centers reported 
on gastrointestinal complications occurring in 1853 renal 
transplant recipients. 1:9-10~12-14-16.17,20,21,23,27 Among 
these were 52 patients in whom peptic ulcers devel- 
oped before transplantation and 72 patients in whom 


, Peptic ulcers developed after transplantation. Some of 
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the patients in the first group were also included in 
the second group when they developed an ulcer fol- 
lowing transplantation and the results of therapy could 
be determined. In both groups only those patients in 
whom the results of therapy could be determined are 
included and the numbers, therefore, are less than the 
true incidence of peptic ulcer. Included are 21 patients 
with peptic ulcer from 115 renal transplant recipients 
at VA Wadsworth Hospital during the years 1964— 
1975. 

In our patients peptic ulcer was diagnosed only if 
an ulcer crater was found on barium upper GI series 
or by endoscopy. It was occasionally not clear in 
reports by others how the diagnosis was made. We 
tried not to include unspecified upper gastrointestinal 
bleeding and cases of gastritis or stress ulceration. 

Except for the standard use of azathioprine and 
steroids, immunosuppressive therapies varied con- 
siderably, including splenectomy, irradiation and the 
administration of cyclophosphamide, actinomycin C, 
antilymphocyte globulin, indomethacin, heparin, so- 
dium warfarin and dipyridamole. Oral antacids were 
commonly given following renal transplantation al- 
though information about frequency, dose and type of 
antacid was not available. 


Results 


Data is available on 52 patients with peptic ulcer 
which occurred before renal transplantation and on 72 
patients who developed peptic ulcer after transplant. 
The results of the various forms of treatment used, 
are given in Tables 1 and 2. : 

Elective surgery for peptic ulcer resulted in one 
death in the 35 patients operated upon prior to 
transplantation. There were no deaths in 8 patients 
undergoing elective surgery after transplantation. The 
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TABLE 1. Clinical Data on 52 Patients with Peptic Ulcer before Renal Transplant 








Post Post 

No. of Type of Medical Transplant Transplant 

Author, Year Patients Ulcer Treatment Recurrence Surgical Therapy Recurrence 
Aldrete, A. J. S., 1975 l Duod. Vagotomy, antrectomy l l 

Julien, P. O., 1975 3 Unspecified 3 3 

Spanos, P. K., 1975 28 Unspecified 3 2 Vagotomy, pyloroplasty 23 5 
Vagotomy, antrectomy 2 0 
Woods, J. E., 1973 2 Duod. 2 0 
Hadjiyannakis, E. J. 1971 2 Duod. 1 l 1 0 
Penn, I., 1968 4 Unspecified Vagotomy, drainage 3 1 
Subtotal gastrectomy 1 0 
Owens, M. L., 1976 12 Duod. 10 7 Vagotomy, pyloroplasty I l 
Vagotomy, antrectomy 1 0 
Total 52 17 13 35 8 





overall mortality rate for elective surgery was one in 
43 or 2.3%. 

Operations for peptic ulcer before transplant re- 
sulted in only 8 post-transplant recurrences in 35 pa- 
tients. In contrast, 17 patients were managed medi- 
cally before transplantation and although they were 
not symptomatic at the time of renal transplanta- 
tion, 13 developed recurrent ulcers after transplanta- 
tion. Ulcer recurrence is significantly lower in the 
operated group (p < .0003). 

Peptic ulcer after transplantation presented as bleed- 
ing in 50 patients, perforation in nine patients and 
pain in nine. Mortality was high: 31 deaths in 72 pa- 
tients (43%). Eleven deaths occurred in the 35 
patients treated medically (31%), and 20 deaths among 
37 surgical patients (54%). The patients treated medi- 
cally and the patients treated surgically are obviously 
selected groups and not statistically comparable. 

Peptic ulcer symptoms presented as early as 6 days 
and as late as 7 years following renal transplant. 
Symptoms usually occurred early, 61% in 3 months, 
74% in 6 months, but 19% occurred after one year, 
(Fig. 1).1-5+10—12,16317;20,21,23,27 

Bleeding was the commonest and most lethal post- 
transplant ulcer complication and was the indication 
for operation in 29 of the 37 patients who were managed 
operatively. Emergency operation for major hemor- 
rhage was necessary in 21 patients and resulted in 
19 deaths (90%). 

Perforation after transplantation was treated more 
successfully. operation on five patients with per- 
forated ulcers after transplantation resulted in one 
death occurring in a patient with advanced peri- 
tonitis. Of the four patients not operated upon for 
perforated ulcer, three died. The combined mortality 
from perforation was 44%. 


There were 43 duodenal and 9 gastric ulcers: a ratio 
of five to one, which is close to the usually reported 
ratio of duodenal and gastric ulcers in patients with 
normal renal function.*'? Compared to one another, 
gastric ulcers were significantly more likely to perforate 
(p = .01) and duodenal ulcers were more likely to 
bleed. The mortality from duodenal ulcers, gastric 
ulcers, combined gastric and duodenal ulcers and 
recurrent ulcers did not differ significantly and was 
approximately 43% (Table 3). 


Discussion 


Eighty-seven per cent of patients with ulcers in 
the post-transplant period presented with either 
perforation or bleeding. Frequently the patient died 
regardless of whether medical or surgical therapy 
was employed. 

It may be valuable to speculate concerning the 
reasons peptic ulcer occurs soon after transplanta- 
tion and often occurs as a lethal complication. The 
high incidence of peptic ulceration occurring soon 
after transplantation has been related to increased 
frequency of rejection and high dose immunosuppres- 
sion in the same period." [t is also apparent 
that many patients who develop peptic ulceration also 
have some other transplant complication which 
threatens their survival. 

Steroids suppress inflammation??? and delay wound 
healing!? possibly increasing not only the likelihood 
but also the severity of complications when ulcers 
develop. For example, the complication was not sus- 
pected until very late in all four patients who died 
with perforated ulcers. One patient was moribund 
when the diagnosis was made and three patients were 
diagnosed at autopsy. In a recent review Conn and 
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Blitzer were able to document a significant associa- 
tion between peptic ulceration and steroid therapy only 
in patients who had received a cumulative dose in 
excess of 1000 mg prednisone.’ Since it is common 
for our patients to receive approximately 250 mg 
prednisone equivalent on the day of transplant, it is 
not surprising that all of our patients had received 
in excess of 1000 mg prednisone at the time of 
peptic ulceration. Similar large steroid doses are also 
used in other transplant programs and it is likely that 


the great majority of the patients with peptic ulcer had 
received in excess of 1000 mg prednisone. 

Bleeding is a notably lethal complication. Con- 
tributing factors include the suppression of platelet 
factor III in azotemia,?? immunosuppressive induced 
thrombopenia, the use of platelet inhibitors (e.g., aza- 
thioprine) and anticoagulants for the treatment of rejec- 
tion, and the use of heparin for dialysis when renal 
function is impaired. 

Since most transplanted kidneys have undergone 


TABLE 2. Clinical Data on 72 Patients with Peptic Ulcer after Renal Transplant 








Treatment Deaths 
No. of Therapeutic Elect. Emerg. 
Author, Year Patients Type of Ulcer Indication Med. Surg. Surg. Med. Surg. 
Aldrete, J. S., 1975 4 Duod. 2 Bleeding 4 0 0 2 0 0 
Gast. I 1 1 
*Post-op 1 1 1 
Spanos, P. K., 1974 4 Duod. I Perforation 1 l 0 
Gast. I Bleeding 1 I l 
Post-op 3 Bleeding 3 2 1 l l 
Rao, M. M., 1972 2 Duod. 2 Bleeding 2 2 0 
Diethelm, A. G., 1971 2 Duod. 1 Bleeding 1 1 0 
Post-op 1 Bleeding 1 1 1 
Hadjiyannakis, E. J., 1971 11 Duod. 10 Bleeding 6 1 2 3 l 3 
Perforation 1 1 0 
Unspecified 3 3 1 
Gast. l Perforation l I 0 
Minale, C., 1971 6 Duod. 2 Bleeding 2 1 1 0 1 
Gast. 4 Bleeding 3 I 2 0 2 
Perforation l 1 0 
Gruwez, J. A., 1970 12 Not specified Bleeding 5 2 37 1 1 
Perforation 3 2 l 2 1 
Pain 4 2 2 0 0 
Moore, T. C., 1969 9 Duod. 9 Bleeding 7 1 6 6 
Pain 2 2 0 
Penn, 1., 1968 5 Duod. 3 Bleeding 2 1 1 1 
Unspecified 1 l 0 
Gast. 2 Perforation 2 I l 1 0 
Owens, M. L., 1976 17 Duod. 13 Bleeding 10 8 2 2 2 
Pain 3 3 0 
Duod. & Gast. 2 Bleeding 2 2 1 
G Post-op 1 l 1 0 
Gast. 1 Bleeding 1 1 0 
Summary 72 Duodenal Bleeding 32 12 5 15 3 13 
Perforation 2 2 0 
Pain 5 5 0 
Duod.& Gast. Unspecified 4 3 1 1 0 
Bleeding 2 2 1 
Bleeding 5 1 4 3 
Gast. Perforation 4 2 2 l 
Post-op Bleeding 6 4 2 1 3 
Unspecified Bleeding 5 2 3+ 1 l 
Perforation 3 2 1 2 lo 
Pain 4 2 2 0 0 
Totals 72 35 8 26 10 21 








* Patients who had ulcer operations done before renal transplantation. 
+ Not stated whether operations were emergency or elective. 
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some degree of renal injury either as a result 
of ischemia during transplantation or from acute and 
chronic rejection afterwards, they are especially vul- 
nerable to additional damage from reduced blood 
flow.” Reduction of renal function in a setting com- 
plicated by bleeding and hypotension probably con- 
tributes to mortality. 

Since gastrin is metabolized by the renal paren- 
chyma, impaired renal function may result in hyper- 
gastrinemia.9:? Stress induced epinephrine release may 
also increase gastrin and gastric acid.?* Both diminished 
renal function and increased epinephrine may worsen 
peptic ulcer disease. Evidence for elevated histamine 
levels during rejection indicates that still another 
secretagogue may be increasing gastric acidity.!* Per- 
sisting hyperparathyroidism and hypercalcemia may 
increase gastric acid secretion.* 

Although the relative contributions of the various 
factors mentioned is largely speculative, the cumula- 
tive effect is to aggravate peptic ulcer disease. Current 
therapy should be prophylactic and directed at avoid- 
ing a cascade of aggravating factors. 

Symptoms suggesting peptic ulceration should be 
reasons for prompt radiologic and endoscopic eval- 
uation. Stool guaiac determination and hematocrits 
should be followed sequentially early in the post- 
transplant course and later if rejection or sepsis occur. 
Bleeding secondary to ulceration should be particu- 


larly suspected in patients receiving aspirin, indo- 
methacin or anticoagulants. Large increases in basal 
and maximal gastric acid output occur in some patients 
following renal transplantation and results in peptic 
ulceration. It may be that routine BAO and MAO de- 
terminations following renal transplantation will 
identify those patients likely to develop peptic 
ulceration.® 

Although the preventive value of antacids is not 
established, they have only minor side effects and 
should be given for 6 months following renal trans- 
plant. In the lower risk patients, antacids may be 
given in doses of about 75 mEq (e.g., Maalox 30 ml; 
Mylanta II 18 ml) one and three hours after each 
meal and at bedtime. 

During rejection and in patients with proved or sus- 
pected ulcer disease, antacids should be given at 
hourly intervals during the day and evening, and a 
double dose should be given at bedtime. Gastric 
hypersecretors should receive larger doses than those 
who are not. 

The data collected from the literature combined 
with our own experience indicate that elective surgery 
for peptic ulcer disease can be performed safely 
before or after transpllantation. The mortality rate of | 
2.3% differs little from the 1-2% mortality often 
quoted for gastric surgery in the non-transplant pa- 
tient.^ Elective operation prior to transplant signifi- 
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cantly reduces the likelihood of ulcer recurrence in 
the post-transplant period. Some patients with peptic 
ulcer may be too ill for elective surgery and in these 
patients gastric irradiation or the use of H, inhibitors 
may be considered.” 

We conclude that potential transplant recipients 
should be carefully evaluated for peptic ulcer disease. 
Demonstration of a peptic ulcer on upper gastroin- 
testinal series or endoscopy is an indication for elec- 
tive surgery before transplantation. The risk of a 
serious complication as the presenting sign is ex- 
tremely high and the opportunity for elective surgery 
often fails to occur after transplantation. 
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Malignant Tumors in Choledochal Cysts 


RYOICHI TSUCHIYA, M.D., NOBORU HARADA, M.D., TOSHIYA ITO, M.D., MASATO FURUKAWA, M.D., 
ITUO YOSHIHIRO, M.D., TOSHIHUMI KUSANO, M.D., MASAYUKI UCHIMURA, M.D. 


Between 1960 and 1975, 17 patients with congenital cystic 
dilatation of the common bile duct (choledochal cyst) were 
treated and three were associated with malignant tumors in 
the cysts and one was with carcinoma of the gallbladder. 
Preoperative diagnosis of adenocarcinoma in the choledochal 
cyst was established in one patient by cytologic examination 
of the bile which was obtained during the procedure of endo- 
scopic pancreaticocholangraphy (EPCG) and percutaneous 
transhepatic cholangiography (PTC). Definitive treatment of 
the choledochal cysts associated with malignant tumors in the 
biliary tract was accomplished by excision of the cysts with 
tumors and choledochojejunostomy in two patients, by 
cystoduodenostomy following external drainage in one and by 
cholecystectomy with resection of invaded transverse colon 
in one with cancer of the gallbladder. Successful excision of 
choledochal cysts in 11 patients including three cases asso- 
ciated with malignant tumors in the biliary tract during the 


last 15 year period is the basis of this report. 

ONGENITAL CYSTIC dilation of biliary ductal 
C system is a rare developmental abnormality and 
the pathologic changes do not appear to be neces- 
sarily related to age. Flanigan? reported five new 
cases and collected 955 cases from the world literature 
—from 1818 to February 1975. Association with malig- 
nant tumor in the cyst or in the biliary duct has been 
reported in 26 cases.??5-19.15.19728,313334 Kasai and 
associates" were the first to report the increased inci- 
dence of carcinoma arising in choledochal cysts and 
have advocated primary excision of choledochal cyst. 
In our series, four of 17 patients had an associated 
malignant tumor in the cyst or in the gallbladder. 
In spite of excellent reports in the literature, :*:16.18.29.34 
there is still considerable argument concerning the 
etiology, type of the cyst, associated anomalies and 
surgical management. Recent experience with malig- 
nant tumors in choledochal cysts led us to review our 
own 17 patients with discussion of the clinical details, 
pathologic findings and treatment. 


Reprint requests: N. Harada, M.D., 2nd Department of Sur- 
gery, Nagasaki University School of Medicine, 1-7 Sakamoto- 
cho, 852, Nagasaki, Japan. 

Submitted for publication: September 27, 1976. 
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Case Materials 


During the 15 year period from 1960 to 1975, 17 
patients with choledochal cysts were treated at the 
second Department of Surgery, Nagasaki University 
Hospital (Tables 1 and 2). There were 13 females 
and four males. The age range was from four months 
to 59 years. The "classical triad” of pain, jaundice and 
an abdominal mass was present in five patients. 
One of them was associated with a malignant tumor 
in the biliary tract. A palpable gallbladder apparently 
different from the cyst was presented in four pa- 
tients. Three of them were the cases with malignant 
tumors. Gallstone formation was noted in four patients 
at the initial laparotomy and found in four at the 
secondary exploration. Seven of them were present in 
the common bile duct. Concomitant involvement of 
intrahepatic biliary dilatation were revealed in five 
patients by preoperative or operative cholangiogram. 
In one patient, congenital cystic dilatation of the 
intra- and extrahepatic bile duct was revealed at 
autopsy. Correct diagnosis was made in 9 patients 
prior to operation by clinical and radiographic studies. 
An infant presented with only an asymptomatic abdomi- 
nal mass which was thought to be a retroperitoneal 
tumor (No. 5). Patient No. 3, a two-year-old female, 
was admitted for biliary peritonitis due to perfora- 
tion of a choledochal cyst, which was repaired at 
the second exploration with cystoduodenostomy. One 
patient with a rapidly developing abdominal mass 
and jaundice after delivery (No. 6) was treated by 
cystoduodenostomy for a choledochal cyst which was 
10x 7 cm in size at the initial laparotomy. The 
subsequent course was uneventful for three years, but 
then an attack of cholangitis occurred accompanied 
by fever, pain, and severe jaundice. Nine years after 
the initial operation, she underwent re-explorative 
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TABLE 1. Congenital Cystic Dilatation of Biliary Ductal System (1960—1975) 
Duration Outstanding 
of Clinical Preoperative Initial Definitive 
No. Age/Sex Symptom Symptom Diagnosis Operation Operation Result Followup 
1. M.M. 3/M 12mos. P-M Abdominal Tumor  Cysto- Excision & chole- well 15(7) yrs. 
duodenostomy dochojejunos- 
tomy, Roux-Y 
2. H.E. 14/M 10 yrs. PJM Choledochal Cyst Cysto- Excision & chole- well 11(9) yrs. 
duodenostomy dochojejunos- 
tomy, Roux-Y 
3. S.Y. 2/F 18 mos. P-M Biliary Peritonitis Cysto- Excision & chole- well 9(6) yrs. 
duodenostomy dochojejunos- 
tomy, Roux-Y 
4. M.S. 4 mos./F 20days -J- Congenital Congenital Biliary Cysto- Excision & chole- well 8(6) yrs. 
Cataract Atresia duodenostomy dochojejunos- 
tomy, Roux-Y 
5. U.N. 10 mos./F 2mos. -M Retroperitonial Cystodu- well 9 yrs. 
Tumor odenostomy 
6. S.F. 41/F 7 yrs. PJM Cholelithiasis Cysto- Hepaticojejunos- Death 9 yrs. 
duodenostomy tomy Liver 
Abscess 
7. T.M. 35/M 23 yrs. PJ- Cholelithiasis Cholecystochole- ^ Papilloplasty well 9(5) yrs. 
docholithotomy 
8. M.K S/F 3mos. P-M Choledochal Cyst Excision & chole- well 4 yrs. 
dochojejunos- 
tomy, Roux-Y 
9. U.S. 17/F 3 yrs. PJM Cholelithiasis Excision & chole- well 4 yrs. 
Choledochal dochojejunos- 
Cyst tomy, Roux-Y 
10. K.N. . 26/M 2 yrs. PJ- Laurence- Cystojejunos- well 3 yrs. 
Moon tomy, Roux-Y 
Syndrome 
11. LS. 18/F l yrs. P-- Choledochal Cyst Excision & chole- well 2 yrs. 
dochojejunos- 
tomy, Roux-Y 
12. S.L. 30/F 13 yrs. PJM palpable Choledochal Cyst Excision & chole- well 1% yrs. 
gall bladder dochojejunos- 
tomy, Roux-Y 
13, S.K. SI/F 10 yrs. P-- Choledochal Cyst Cystojejunos- well 1 yrs. 
tomy 














P: Pain, J: Jaundice, M: Mass. ( ) Duration after Definitive Operation. 


laparotomy which revealed a rudimental choledochal 
cyst and markedly narrowed common bile duct. Then, 
a reversion enteroanastomosis to a hepaticojejunos- 
tomy (Longmire) was performed. She died from a liver 
abscess on the ninety-third postoperative day. Autopsy 
failed to find the common bile duct as well as the 
choledochal cyst. 


Case Reports of Choledochal Cyst 
with Malignant Tumor 
Case 1. T.D. (No. 14): The patient, a 59-year-old female, was 
admitted to this Hospital on Oct. 25, 1973 with a history of nausea, 
vomiting and intermittent jaundice. She was apparently in good 
health, until Oct. 26, 1973, when she began to notice weight loss 


and general itching. Physical examination revealed a palpable ab- 
dominal mass in the right upper quadrant near the distended gall- 
bladder laterally and mild tenderness to pressure on it. Barium 
meals showed marked displacement of the pyloric area of the 
stomach, duodenum and transverse colon to the left and slightly 
downwards. EPCG failed to demonstrate the common bile duct but 
showed a markedly curved and dilated pancreatic duct, which 
suggested the tumor being in, or originated in the pancreas. Celiac 
angiography illustrated an avascular region corresponding to the 
abdominal mass. Percutaneous transhepatic cholangiogram revealed 
a huge dilatation of the common bile duct 12 x 7 cm in size and 
passing contrast medium into the duodenum (Fig. 1). Adenocarci- 
noma of the biliary tract was suspected by cytologic examinations 
of the bile which was obtained during the procedure of EPCG and 
PTC (Fig. 2). A preoperative diagnosis of choledochal cyst with 
carcinoma in the cyst wall was made. 
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TABLE 2. Congenital Cystic Dilatation of Biliary Ductal System with Malignant Tumor (1960-1970) 





Duration Outstanding 


of Clinical Preoperative 











No. Age/Sex Symptom Symptom Diagnosis Location, Pathology Definitive Operation Result Followup 
14. T.D. 59/F l yrs. P-J-M Palpable Choledochal cyst, Distal portion of Pancreatoduodenectomy Death 2 yrs. 
gall bladder Carcinoma in cyst wall, adeno- with excision, Roux-Y Cerebrovascular 
the Cyst carcinoma accident 
15. M.S. 5/F l yrs. P-J Palpable Choledochal cyst Proximal portion of Excision & choledocho- Alive — 1 yrs. 
gall bladder cyst wall, jejunostomy, Roux-Y 
Botryoid sarcoma 
16. U.S. 17/F 5 yrs. P-- Choledochal cyst Distal portion of Cystoduodenostomy Death 1 5/6 year 
cyst wall, adeno- (initial op.) External (59 days) 
carcinoma drainage 
17. M.N. 39/F 15 yrs. P-J Palpable Cholecystochole- Gallbladder, Cholecystectomy with Alive  l yrs. 
gall bladder docholithiasis adenocarcinoma resection of invated 


colon 





P: Pain, J: Jaundice, M: Mass. ( ) Duration after definitive operation. 


Operation 


Abdominal exploration was performed on Sept. 9, 1973. At opera- 
tion, the gallbladder was found to be markedly distended with mild 
inflammatory changes, containing white colored bile. A large 
choledochal cyst measuring approximately 12 cm in diameter ex- 
tending under the posterior aspect of the pancreas and displacing 
the duodenum inferiorly and medially was found. During excision 
of the cyst, tumor was found in the distal portion of the choledochal 





Fic. 1. 


Case 1. 
angiogram, showing a huge cystic dilatation of the common bile 
duct and dilated gallbladder. 


Preoperative percutaneous transhepatic chol- 


cyst measuring 1.5 x 1.5 cm in size resulting in stenosis of the 
terminal common bile duct. A frozen study of a biopsied material 
from the distal end of choledochal cyst wall suggesting residual carci- 
noma at the divided end of the terminal common bile duct led us to 
perform pancreatoduodenectomy with excision of the cyst together 
with the gallbladder. Histologic examination of the tumor revealed 
adenocarcinoma of the cyst (Fig. 3). The postoperative course was 
uneventful and the patient was well for two years after operation. 
Unfortunately she died of a cerebrovascular accident and an autopsy 
was not obtained. 

Case 2. M.S. (No. 15): The patient, a four-year-old female, 
was referred from the Pediatric Section on Sept. 9, 1975, with pro- 
gressive jaundice, an abdominal mass and intermittent fever. On 
examination, a relatively hard liver edge was palpable 4 cm below 
the right costal margin with a distended gallbladder. Barium 
meals showed mild displacement of the pyloric area and the 
second portion of the duodenum laterally and anteriorly. An intra- 
venous cholangiogram and radioactive?! I-BSP hepatoscintigram 
failed to demonstrate an extrahepatic biliary duct. An echogram 
showed successfully a distended gallbladder and a cystic dilatation 
corresponding to the common bile duct. Clinical diagnosis of chole- 
dochal cyst and recurrent cholangitis caused by an unknown cause 
was made. 





Fic. 2. Case 1. Malignant cells in the bile obtained simultaneously * 
with percutaneous transhepatic cholangiography established a 
preoperative definitive diagnosis of cancer in the cyst. (Papani- 
colaou's stain, x 400) 


Vol. 186 e No. 1 





Fic. 3. Case 1. Photomicrograph of histological section, demon- 
strating adenocarcinoma originating from the cyst wall which was 
composed of dense fibrous tissue without evidence of muscle fiber. 
(H & E stain, x 100) 


Operation 


At operation, the liver was enlarged with severe bile stasis. A 
distended, enlarged, thin walled gallbladder was found and 150 ml of 
white colored bile was aspirated. An operative cholangiogram was 
performed and demonstrated a cystic dilatation of the common bile 
duct which measured 2.5 cm. The contrast material passed into 
the duodenum without difficulty but was unable to enter into the 
proximal bile duct, suggesting evidence of obstruction in the 
hepatic duct. An incision on the cyst revealed a multilobulated, 
thin yellowish, soft tumor located in the proximal portion of the 
cyst wall. Frozen studies of biopsied materials from the tumor 
showed no malignancy, then, excision of the cyst involving the 
tumor together with the gallbladder (Fig. 4) and portojejunostomy, 
Roux-Y, was made. Postoperatively, a definitive diagnosis of 
"Botryoid sarcoma" arising from the common bile duct was es- 
tablished by various pathological examinations including electro- 
microscopic studies (Fig. 5). Postoperative course was quite well 
and she was returned to the Pediatric Section for additional treat- 
ment óf chemotherapy and radiation on Nov. 8, 1975. She was 
discharged on Jan. 14, 1976. Twelve months later, she was well 
and free from symptoms. 

Case 3. Y.S. (No. 16): The patient, a 19-year-old female, was 
referred with a history of intermittent right upper quadrant pain, 
which was noted for 15 years prior to this admission. Evidence of 
jaundice, alcoholic stools and abdominal mass had been absent. 


— intrahepatic 
; duct 








common bile duct 


gallbladder 





Fic. 4. Macroscopic appearance showing neoplastic lesion 
arising from extrahepatic bile duct and dilated distal bile duct. 
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Fic. 5. Photomicrograph of botryoid sarcoma in case 2. (P.T.A.H. 
stain, x 100) 


A preoperative diagnosis of choledochal cyst was made by a 
percutaneous transhepatic cholangiogram demonstrating a large 
rounded dilatation of the common bile duct with an abrupt distal 
end (Fig. 6). 


First Operation 


Abdominal exploration was performed on Oct. 3, 1970. A thick 
walled choledochal cyst was found 12 cm in diameter with an 





Fic. 6. Case 3. Preoperative percutaneous transhepatic chol- 
angiography revealed an abnormal biliary system and cystic 
dilatation of the common bile duct. 
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multiple cystic dilatations 






intrahepatic ducts 







choledochal cyst 


pancreas 





duct of Santorini 


duct of Wirsung 
Fic. 7. An illustration of autopsy findings (case 3). 


extremely stenotic terminal common bile duct, which was con- 
firmed by a small Bake's dilator through the cyst into the duo- 
denum. A catheter was passed through the cystic duct into the 
right branch without difficulty but failed to reveal the left branch 
of the hepatic duct. Anastomosis of the cyst to adjacent part of the 
duodenum was made. Postoperative course was uneventful until 
three months prior to the second admission, when a similar 
episode occurred. She returned to Hospital on June 29, 1972. 
There were no abnormal clinical findings except tenderness over the 
right upper quadrant. Radiographic studies failed to demonstrate 
the cyst. 


Second Operation 


At operation on May 17, 1972, a dense thick but fragile walled 
choledochal cyst was noted from which biliary concretions with 
refluxed material were aspirated. The patent stoma of the anastomosis 
with the duodenum, 1.5 cm in size, was palpated. T-tube decom- 
pression of the cyst was made because of difficulty in excising the 
cyst and reversion of the enteroanatomosis without injury to 
important vessels. Postoperative cytologic studies of the bile 
obtained from the T-tube suggested carcinoma of the biliary tree. 
In spite of postoperative efforts, she expired on the fifty-ninth day 
after the second exploration. 

Autopsy revealed multiple congenital cystic dilatations of the 
intra- and extrahepatic bile ducts and a malformation of the double 
biliary system showing independent entry of the common bile 
ducts into the duodenum as illustrated in Figure 7. Tumor was found 
in the cyst wall and also multiple metastatic nodules in the liver. 
Histological studies revealed adenocarcinoma of the choledochal 
cyst metastasizing to the liver and the surrounding tissue of the 
cyst (Fig. 8). 

Case 4. M.N. (No. 17): The patient, a 39-year-old female, was 
admitted on Nov. 8, 1975, complaining of intermittent pain in the 
right upper abdominal quadrant. She had been operated on for 
biliary peritonitis due to perforation of the gallbladder associated 
with cholecystolithiasis 15 years prior to this admission. On ex- 
amination, she was unremarkable except for the right upper 
quadrant tenderness with a palpable gallbladder. An intravenous 
cholangiogram showed a poorly visualized common bile duct and 
a distended gallbladder with a stone-like appearance. An echo- 
gram suggested dilatation of the common bile duct and a sharp wave 
stone-like echo in the gallbladder. A diagnosis of cholecysto- 
choledocholithiasis was made. 


. 
Operation 


At exploration on Dec. 5, 1975, the common bile duct was dilated 
with a very thin wall. The gallbladder was found to be grossly dis- 
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tended with a tumor measuring 3 x 4 cm in size invading to the 
adjacent colon and parietal peritoneum. A frozen section of biopsied 
materials from the tumor revealed adenocarcinoma of the gall- 
bladder. Operative cholangiogram through the cystic duct confirmed 
a mild cystic dilatation, 3 cm in diameter, of the common bile 
duct with a tapered end but passing contrast material into the 
duodenum without difficulties. Cholecystectomy with dissection 
of the surrounding tissue involving the invaded transverse colon 
and T-tube decompression was made which was thought to be a 
reasonable procedure for the choledochal cyst because of the ad- 
vanced stage of the cancer of the gallbladder. The subsequent course 
was unremarkable. The T-tube was removed on the twenty-first 
postoperative day. She underwent additional chemotherapy for 
cancer of the gallbladder. She was discharged on April 8, 1976. 


Discussion 


Although numerous possible factors responsible for 
congenital cystic dilatation of biliary ductal system 
have been discussed in excellent reviews in the litera- 
ture, there is still considerable disagreement concern- 
ing the etiology of this condition. At present, the most 
acceptable theory explaining these anomalies is based 
on Yotsuyanagi's hypothesis?* that an excessive pro- 
liferation of epithelial cells of the primitive choledochus 


during the embryonic stage leads to an abnormally wide: 


segment when canalization of the vascuolization 
occurs. Based on this theory, it might be well ex- 
plained that inadequate proliferation in multifocal areas 
in the biliary tree leads to the development of multiple 
cystic dilations of the intra- and extrahepatic biliary 
system. 

Most recently in 1973, Babitt and associates‘ pro- 
posed a new concept of the etiology based on 7 cases 
with an anomalous relationship between the common 
bile duct and the pancreatic ducts which allows reflux 
of pancreatic juice into the common bile duct leading 
to cholangitis and dilatation of the common bile duct. 
In our series, abnormal communication between the 
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Fic. 8. Case 4. Photomicrograph of histological section demon- 
strating adenocarcinoma arising from cyst wall. (H & E, stain, 
x100) 
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Fic. 9. No. 9. Preoperative 
endoscopic  pancreaticochol- 
angiogram demonstrated cys- 
tic dilatation of the common 
bile duct and abnormal pan- 
creatobiliary relationship. 


choledochal cyst and pancreatic ducts were present in 
two patients (No. 9, No. 11). In case of No. 9, the 
extremely short terminal common bile duct entering the 
pancreatic duct at an unusually long distance from 
the ampulla was demonstrated on endoscopic pancre- 
aticocholangiogram (Fig. 9). In case of No. 11, the 
very small and short terminal common bile duct and 
its insertion into the pancreatic duct at the peripheral 
site of anastomosis of main pancreatic duct (Wirsung) 
with accessory duct (Santorini) was revealed by opera- 
tive cholangiogram (Fig. 10). Babitt's proposal might 
conceivably be a factor responsible for a choledochal 
cyst in some cases, however, an abnormal pan- 
creaticobiliary ductal relationship is unlikely to be a 
factor in the development of multiple dilations of the 
intrahepatic biliary ducts as seen in No. 16in our cases. 

In 1975, Flanigan? reported four new cases of con- 
genital biliary cysts and added 451 cases collected from 
the literature from 1969 to February 1975 and brought 
the total number of cases of this condition in the world's 
literature to 955 by adding a previously collected 500 
cases by Alonso-Lej! in 1959 and Lee!$ in 1969. There- 
after 10 cases were reported by Valyar? in 1975. 
Therefore, at least a total of 965 cases have been 
reported. 

Recent reports? ^5 have indicated that carcinoma 
in biliary cysts may have a significantly greater inci- 
dence than previously recognized. Twenty six cases of 
biliary cysts with carcinoma were reported and four 
cases were presented in our series. The incidence of 
biliary carcinoma in choledochal cysts is approximately 
twenty times greater than the incidence of bile 
duct carcinoma in the general population.’ In our 
series, four of 17 patients had associated biliary carci- 
noma. Analysis of 26 cases of carcinoma revealed the 
average age at the time of diagnosis was 32 years with 
a range of 17 to 70 years. The most frequent site 
of the origin of the carcinoma was seen in the chole- 
dochal cyst wall in 17 cases including our three cases. 
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Two cases were noted in the intrahepatic biliary 
cysts. Association with carcinoma in the gallbladder 
has not been reported except a case (No. 17) in this 
report. The most common histological type of cancer 
was adenocarcinoma revealed in 17 cases. However, 
squamous-cell carcinoma, cholangiocarcinoma, ana- 
plastic carcinoma or adenoacanthoma were rarely re- 
ported. Botryoid sarcoma of biliary duct system was 
extremely rare, which was reported in 27 cases in the 
literature since Wilk's report? in 1875, but a combina- 
tion with the choledochal cyst (No. 15) have never been 
reported in the literature. Symptoms and signs of 
cancer in biliary cysts are not altered from that of 
obstruction of the biliary tree caused by bile duct 
cancer. 

Most cases of cancer in the literature showed their 
development more than two years after the initial 
operation, especially in cases where cystoduode- 
nostomy was performed. In previously reported cases 
of cancer, none was correctly diagnosed until surgical 
exploration. The difficulty in diagnosing the cancer 
might be accounted for by the rarity of this condition, 





Fic. 10. No. 11. Operative cholangiogram showed a markedly 
dilated cystic common bile duct and anomalous arrangement of 
the ducts. Note the short segment of the terminal common 
bile duct entering the pancreatic duct at the distal site of 
anastomosis of pancreatic ducts (Santorini and Wirsung). 
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the variability of the clinical signs and the delayed 
manifestation of biliary obstruction due to wide caliber 
of the cyst. However, the correct preoperative diag- 
nosis of cancer was made on patient No. 14 by cyto- 
logic examination of the bile which was obtained 
during the procedures of PTC and EPCG. A dis- 
tended gallbladder did not seem to receive much 
attention in reference to this anomaly.! However, 
in our series, three of four cases with malignant 
tumors and a case with choledocholithiasis presented 
with distended palpable gallbladders (Courvoisier 
sign). A distended gallbladder with choledochal cysts 
should be a sign for concomitant stenosis of com- 
mon bile duct due to tumor in the choledochal cyst. 
Surgical treatment of congenital cystic dilatation of 
the biliary system must be decided by localized 
anatomic findings and the extent of the disease as 
well as the evidence of inflammatory findings of 
affected area. The mortality rate for all types of 
operative procedures has greatly improved from 83% 
in 1927," 12% in 1956” to 5.2% in 1969.'5 Most 
recently reported statistical analysis? of the results in 
surgical treatments revealed a significantly higher 
morbidity for internal drainage procedure compared 
with excision, with no difference in the mortality 
rate between them. In our series, 6 patients had under- 
gone cystoduodenostomy in our earlier period. Five 
of them required excision of the cyst and reversion 
to either choledochojejunostomy or hepaticojejunos- 
tomy because of postoperative complications of anas- 
tomotic stenosis or recurrent ascending cholangitis. 
After all, definitive treatment was accomplished by 
excision in 8 cases of choledochal cysts without 
malignant tumors and no mortality was obtained. The 
operative procedure for a choledochal cyst should be 
excision on the basis of increased incidence of cancer 
arising from the choledochal cyst and the excellent 
surgical results obtained from excision of the cyst. 
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Variations in Adrenocortical Responsiveness During Severe 


Bacterial Infections 


Unrecognized Adrenocortical Insufficiency in Severe Bacterial Infections 


WILLIAM J. SIBBALD, M.D., F.R.C.P. (C),* ALLISTIR SHORT, M.B., Ch.B. (Edin.), MARGO P. COHEN, M.D., 


Plasma cortisol levels and their response to .25 mg synthetic 
A.C.T.H. (Cortrosyn") were studied in 26 septic patients. 
Four (15.4%) of these patients appeared to have greatly in- 
creased adrenocortical activity with plasma cortisol levels 


averaging 65.4 + 14.8 g/dl (normal = 8-18 yg/dl. All four 


of these patients were agonal and died within five days. 
Seventeen (65.4%) of these 26 patients appeared to have an 
appropriate adrenocortical response to severe infection in that 
their plasma cortisol levels increased (averaging 19.2 + 6.0 
g/dl) following synthetic A.C.T.H. The remaining five 
patients, who constituted 19.2% of the 26 patients studied, 
appeared to have some impairment of adrenocortical function. 
In spite of severe bacterial infections and no history to support 
Addison's disease, their plasma cortisol levels (averaging 
13.8 + 3.3 ug/dl) were not increased above normal and their 
response to Cortrosyn" was much less than would be expected; 
the increase in plasma cortisol levels in these patients 
following the synthetic A.C.T.H. averaged 1.1 + 3.6 g/dl. It 
is reemphasized that patients with severe sepsis who are not 
responding adequately to standard therapy should be suspected 
of having adrenocortical insufficiency and treated accordingly. 


T IS WELL RECOGNIZED that the presence of en- 

hanced adrenal cortical secretion is a concomitant 
of severe bacterial infections. The response of the 
adrenal cortex to the stress of severe infection includes 
an increased secretion of all major corticosteroid 
hormones, manifested by elevated plasma cortisol 
levels, elevated urinary 17-hydroxysteroid levels and 
elevated cortisol secretory rates.! The exact mecha- 
nism whereby severe infections cause an augmented 
cortisol secretory rate is not clear at present.” 
Further, Melby and Spink demonstrated an enhanced 
secretion of adrenocortical hormones in response to 
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intravenous corticotropin in 6 patients with bacteremic 
shock." Therefore in most instances of severe infec- 
tion, adrenal reserve appears sufficient to further aug- 
ment secretion in response to A.C.T.H. 

However, adrenocortical insufficiency has been 
documented during severe infections, most notably 
with disseminated meningococcemia.!* Similarly, 
Jacobs and Nabarro described one patient with 
acute severe infection, who had unexpectedly low 
plasma cortisol levels.? 

Our experience in managing critically ill septic 
patients has suggested the presence of a small group 
of patients, not suspected of having Addison’s 
disease, who responded with rapid clinical improve- 
ment to intravenous glucocorticoid preparations. This 
observation has led us to wonder if adrenocortical 
insufficiency may occasionally exist in severe bacterial 
infections, in individuals not previously demonstrating 
any evidence of Addison's disease. 

Consequently, a prospective study was carried out 
to examine the function of the adrenal cortex in 
critically ill patients with sepsis. This was done by 
measuring basal plasma cortisol levels and examining 
their response to the administration of synthetic 
adrenocorticotrophic hormone (ACTH) [a' ?* cortico- 
tropin; Cortrosyn^]. 


Patients and Methods 


Twenty-six patients critically ill with severe. infec- 
tions admitted to the Intensive T3 Unit-of Detroit 
General Hospital from September he to August 30, 
= [ LIBRARY] S| 
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TABLE 1. Plasma Cortisol Response after Administration 
of Cortrosyn® to Normal and Septic Patients 








Maximum 
Sub- Base Line within | hour Increment 
jects (ug/dl) (ug/dl) (ug/dl) 
Normal: 9 9.97 + 5 25.4 + 6.3 15.4-4 
Sepsis: 
Group I 5 13.8 + 3.3* 14.9 + 2.2+ 1.1 + 3.67 
Group II 17 19.2 + 5.1f 32.4 + 9.3* 13.2 + 5:954 
Group III 4 65.4 + 14.8} 88.25 + 30.3 22.9 + 34 





Mean values + standard deviation. Significance (compared to 
normal), * P < .005; t P < .0005: i NS. 


1975 were studied as closely as possible to the time 
of initial diagnosis. The diagnosis of severe infection 
was established by clinical findings, including the 
identification of a major focus of infection, usually 
pneumonia or peritonitis, and/or positive blood cul- 
tures. Of the 26 patients studied, the primary site 
of infection included pneumonia (9), peritonitis (10), 
pneumonia complicating burns (4) and mediastinitis (3). 
Eighteen of the 26 patients had a positive blood 
culture at time of study and in none was N. meningitis 
isolated. Patients with a previous history of exogenous 
steroid therapy, or known malignancies or tubercu- 
losis which might have involved the adrenal gland, 
were excluded from the study. 

All studies were done in the morning. Blood samples 
were drawn from a central venous catheter, with a 
basal sample for plasma cortisol determination being 
drawn and then followed by .25 mg of Cortrosyn? in- 
jected intravenously. Blood was then drawn at 5, 10, 
15, 30, 45, and 60 minutes for determination of plasma 
cortisol. The highest value measured during the one 
hour following injection of Cortrosyn® was utilized 
as being indicative of the maximal response of the 
adrenal gland. In addition, human growth hormone 
(HGH) was assayed in the control samples and at 15, 
30 and 60 minutes after Cortrosyn®. Blood glucose, 
electrolytes, and creatinine were measured initially 
and 60 minutes following Cortrosyn®. 

Normals for comparison consisted of nine patients 
on the general medicine service, without any clinical 
or laboratory evidence of an endocrine disorder, in 
whom Cortrosyn® was administered intramuscularly. 

Plasma cortisol was measured by the Schwartz/Mann 
radioimmunoassay kit utilizing the methods of 
Murphy” and Nugent and Mayes.!? Growth hormone 
(HGH) was measured by the method of Pennisi'? also 
utilizing a Schwartz/Mann radioimmunoassay kit. 
Normal H.G.H. levels in our laboratory are 1—5 ng/ml. 

Serum electrolytes were measured by the Technicon 
Auto-Analizer SMA-12/60. Creatinine was measured 
by the creatinine reduction method in conjunction 
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with the Technicon Auto-Analizer SMA-12/60. Results 
are expressed as the mean + the standard deviation 
(S.D.). Statistical analysis was done by the students-t 
test for independent variables. 


Results 


Normals 


The mean baseline morning plasma cortisol was 
9.97 +5 ug/d| with a maximal rise to 25.4 + 6.3 
ug/dl following intramuscular Cortrosyn? within one 
hour, representing a mean increment of 15.4 + 4.0 
g/dl (Table 1). 


Sepsis 


Of the 26 patients studied, four were identified 
(Group III) on retrospective review of clinical data 
and the time to death, as being in the agonal state 
(Table 1). Three of the four were hypotensive at 
time of study (defined as: systolic BP < 90 mm Hg 
or a fall of 30 mm Hg from previously recorded 
levels; urine output < 20 cc/hr and/or requirement of 
vasopressors to maintain blood pressure) and only one 
survived greater than one day following study. The 
mean baseline cortisol in this group was 65.4 + 14.8 
Lg/d| (range 55 to 86.4 mg/dl) and the patients 
showed a variable response to intravenous Cortrosyn®. 
Two of the four did not elevate plasma cortisol greater 
than 7 ug/dl following Cortrosyn®. 

The remaining 22 patients exhibited baseline plasma 
cortisols of 18.0 + 3.4 ug/dl), a significant elevation 
above normal (P < .005). However, examination of 
their response to intravenous Cortrosyn® allowed 
separation of this group into two subgroups (Groups I 
and II, Tables 1 and 2). 

Group II patients (n — 7) had a mean basal 
plasma cortisol of 19.2 + 5.1 ug/dl (range 7.5 to 38 
gdl), which was significantly higher than normal 
(P « .0005), and responded to intravenous Cortrosyn® 
with an augmented cortisol secretion (Table 1). 
The absolute rise was not significantly different from 
the response observed in normal patients. 

However, of most interest was the finding of five 
septic patients (Group I) who exhibited a lower base- 
line cortisol than either Group II or III and who did 
not respond to Cortrosyn® with an expected rise in 
plasma cortisol, as had been demonstrated in Group II 
patients. In this subgroup, the mean baseline plasma 
cortisol of 13.8 —- 3.3 yg/dl (range 8 to 15 jg/dl) 
was not significantly different from normals, although : 
significantly lower than similar observations is Group 
II patients (P —.01). A response to intravenous 
Cortrosyn® was notably absent. (Table 1). Only one 
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of the five patients survived. Interestingly, this patient 
was treated with pharmacologic doses of steroids 
immediately following study by his attending physi- 
cian. 

No significant difference was noted between Group I 
and II patients when a retrospective comparison of 
pre test mean blood pressure, pulse rate, serum 
sodium, potassium or creatinine was made. No sig- 
nificant difference in duration of hospitalization or 
the septic episode prior to testing was noted between 
Group I and II. Nine of the 17 Group II patients 
succumbed to the septic epidose, no difference in time 
of death being noted between these nonsurvivors and 
the nonsurvivors of Group I. 

Growth hormone levels within the hour following 
Cortrosyn? were extremely variable in all groups. 
Three of five Group I patients had levels greater 


TABLE 2. Clinical Diagnosis, Plasma Cortisol and Growth 
Hormone Levels before and after Intravenous Cortrosyn* 
in 26 Critically Ill Septic Patients 








. Pa- Plasma Cortisol 
tient (ug/dl) 
Num- Base- Stim- Out- 
ber Temp (F°) line ulated come Diagnosis 
Group I 
1 99 (hypo) 15 16 NS(2) pneumonia 
2- 1022 16.5 11.5 NS (9) pneumonia/burn sepsis 
3 102 15 17.5 S mediastinitis 
4 100 8 12.5 NS (2) peritonitis 
5 102 14.5 17 NS (4) peritonitis 
Group II: 
6 103 16.5 23.5 NS (5) burn sepsis/pneumonia 
7 102(hypo) 23.5 47  NS(10) peritonitis 
8 102 28 47 S pneumonia 
9 103 27 48 S urinary tract infection 
& bacteremia 
10 99 17 25.5 NS (2) peritonitis 
11 102 13 21 S pneumonia 
12 100 17 40 NS (17) pneumonia 
13 100 20 28 NS(2) pneumonia/burn sepsis 
14 100 16.5 25 NS (17) bilat. pneumonia 
15 101 21 31 S peritonitis 
16 99 21 31 S peritonitis 
17 102 16 28 NS (8) pneumonia 
18 100 “S 18.5 NS (2) pyelonephritis/ 
peritonitis 
19 100 16.5 33 NS (2) peritonitis/abscess 
20- 104 17 40 S peritonitis/abscess 
21 99 22 42.5 S peritonitis 
22 101 21 31  NS(3) pneumonia 
Group III: 
23 99 (hypo) 65 80 NS(1) pneumonia 
24 100.4 55 55 NS (5) burn sepsis/pneumonia 
25 102 55 128 NS(1) pneumonia 
26 102 86 90 NS (1) mediastinitis/abscess 





NS = non-survivor; S = survivor; ( ) = numbers of days to 
death; (hypo) — hypothermia blandet. 
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TABLE 3. Basal and Stimulated Human Growth Hormone (H.G.H.) 
Levels (ng/ml) in Patients Failing to Show a Response to 
Cortrosyn® (Group I) 








Maximum 

Patient Basal H.G.H. H.G.H. Blood sugar 
Number (ng/ml) (ng/ml) (mg/dl) 

1 13.6 16.8 157 

2 16.6 40 174 

3 1.3 5:5 102 

4 6.4 6.4 336 

5 9 1.2 77 





than normal (Table 3) as did five of 17 Group II 
patients and three of four Group III patients. 


Discussion 


Plasma cortisol levels are reported to be uniformly 
elevated during severe bacterial infections,* 9? 
probably representing a balance between an increased 
cortisol secretory rate! and reduced hepatic degrada- 
tion.? The studies of Melby and Spink? have 
demonstrated that accelerated adrenal secretory 
activity exists in those patients with severe infection 
who survive and that even during such severe in- 
fection, the adrenal cortex is able to further aug- 
ment cortisol production following stimulation with 
A.C.T.H. 

The pattern of basal cortisol levels seen in Group II 
and III appear to be typical of patients with severe 
infection.!?29 The four patients in Group III were 
clinically the most ill and had the highest basal 
cortisol levels. Three of the four were in shock at 
the time of study and only one of these patients 
survived greater than one day following study. 
Such high levels of plasma cortisol in agonal patients 
have been noted in other studies.?? 

Group II patients had significantly higher than 
normal baseline values and responded to Cortrosyn® 
with enhanced adrenocortical secretion. Similarly, 
during acute respiratory failure, Cornil et al. found that 
intravenous Cortrosyn? resulted in augmented cortisol 
secretion, plasma cortisol rising in the same order of 
magnitude as we found in Group II patients.? 

Rarely, plasma cortisol levels have been found to 
be within the normal range in instances of severe 
infection,’ and occasionally low. Reported instances of 
low levels have been seen most frequently in asso- 
ciation with disseminated meningococcemia, probably 
related to hemorrhagic necrosis of the adrenal 
glands. Attention has again been recently drawn to 
the occasional occurrence of acute adrenal insufficiency 
in critically ill patients, in whom a crisis had been 
precipitated by trauma, a surgical procedure, inter- 
current infection or inadvertent discontinuation of 
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corticosteroid therapy.’ Detailed history from the 
patient, if possible, and the family, together with 
appropriate laboratory tests, may help to establish 
the diagnosis. If adrenal insufficiency is present, 
early recognition and glucocorticoid replacement 
therapy are mandatory if the patient is to survive. 

Jacobs and Nabarro? in studying the adrenal 
cortical response to acute medical illness described 
one patient with pseudomonas septicemia and hypo- 
tension who exhibited low 11-OHCS levels and who 
recovered with antibiotics and steroid therapy. An 
A.C.T.H. test performed 6 months later was normal. 
Similarly, this report describes five patients with 
severe infections, all of whom had basal cortisol 
levels lower than those found in the remainder of 
patients studied; more importantly, these five patients 
failed to exhibit an appropriate increase in plasma 
cortisol levels following intranveous Cortrosyn® 
(Table 1). Interestingly, the lone survivor in this 
group was treated with pharmacologic doses of 
glucocorticoids by his attending physician. Thus, 
during at least one point in time of their acute 
infective illness, these five patients manifested im- 
paired adrenocortical reserve as demonstrated by a 
failure to respond to Cortrosyn® with an expected 
elevation of plasma cortisol. 

The Cortrosyn® test has been well documented as a 
rapid method for testing adrenal cortical function when 
Cortrosyn? is administered either intramuscularly'??* 
or intravenously.? It differentiates well between 
normals and those with adrenocortical insufficiency, 
whether primary or secondary, within one hour of 
administration. The response of our normal group 
compares well with the literature.!????* In this study 
of septic patients, Cortrosyn® was given intravenously, 
in an effort to circumvent any possible delay in its 
absorption, that could conceivably occur were periph- 
eral perfusion to be impaired. Although the time of 
maximum response was at the 60 minute time period 
in four of 26 tests, in all of these particular patients 
the tendency to elevation of plasma cortisol was 
noted well before the 60 minute period. The maximum 
response was not noted before 15 minutes in any of 
the patients tested. We therefore do not believe that 
the test protocol may have missed any significant 
response to the Cortrosyn®. 

Adrenocortical insufficiency may result primarily 
from idiopathic autoimmune adrenalitis, granuloma- 
tous disease, hemorrhage into the adrenals, iactrogenic 
suppression, metastatic tumors and anticoagulant 
"therapy. 

Physical examination did not reveal any of the 
stigmata of Addison’s disease and retrospective 
analysis of laboratory data obtained prior to testing 
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failed to reveal any parameter that might have pre- 
dicted the observed lack of response to Cortrosynk. 
Of the five non-responders, one (patient #2) was 
shown at autopsy to have active pulmonary tuber- 
culosis, although the adrenals were not involved. Post 
mortem examination in two patients (#2 and #4) 
failed to reveal hemorrhagic necrosis of the adrenals; 
rather, they were hyperplastic. In addition, N. menin- 
gitidis was not cultured in any patient. None of the 
patients had a history preceeding hospitalization which 
may have suggested primary adrenocortical insuf- 
ficiency, nor was sarcordosis suspected in any. Thus, 
identification of the cause of failure of Group I 
patients to respond to Cortrosyn® is not possible at 
the present time. 

The possibility of secondary adrenal failure in the 
non-responders would seem remote in view of the 
elevated H.G.H. levels found during the one hour 
test period (Table 3) since elevation of A.C.T.H. 
has accompanied H.G.H. rise during surgical stress.!* 

Hubert and Egdal have recently presented data 
showing that the greater a hypovolemic stimulus, as 
measured by a fall in cardiac output and blood 
pressure, the more sustained the cortisol secretory 
response.” This relationship, however, apparently 
fails with severe hypotension when cortisol production 
has been observed to fall, indicating a possible 
relationship between adrenal blood flow and cortisol 
secretion at low perfusion pressures.'! Despite this, 
hypotension as a cause of failure of the Group I 
patients to respond to Cortrosyn® is unlikely since 
only one of the patients was in shock at time of 
study. Five of seventeen Group II patients and three 
of four Group III patients were similarly in shock 
at time of study. 

Severe overwhelming infection has been advocated 
as an indication for pharmacologic doses of gluco- 
corticoids for a number of reasons,'?^?? although an 
adequate clinical trial has yet to be reported. Our 
data would seem to indicate that adrenal reserve 
may have been significantly reduced in some of the 
patients examined (subclinical adrenal insuffiCiency) or 
that, at a point in time of an acute infective 
illness, adrenocortical insufficiency may have de- 
veloped for reasons presently not entirely clear.. 

Studies are ongoing in an attempt to further delineate 
the frequency, nature and causation of the response 
noted in Group I patients. Nevertheless, we would 
like to re-emphasize that adrenocortical insufficiency 
may co-exist with severe infections, either antedating 
the illness or possibly, developing during the course 
of the illness. : 

Until the exact nature of our results are further 
clarified, failure of a patient, critically ill with infec- 
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tion, to respond to therapy such as antibiotics, 
prompt and aggressive fluid replacement”? and, if 
possible, removal of an infective focus, should arouse 
suspicion of adrenocortical insufficiency. If suspicion is 
high, replacement doses of glucocorticoids, preceeded 
by drawing a sample of blood for cortisol estimation, 
appears appropriate. Currently, we use a dosage 
equivalent to two to three times normal maintenance. 
If adrenocortical insufficiency is manifested during 
severe infection, formal testing of adrenocortical 
integrity with an A.C.T.H. test should follow upon 
recovery. 
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Palmar Hyperhidrosis and its Surgical Treatment: 


A Report of 100 Cases 


RAPHAEL ADAR, M.D.; F.A.C.S., ALEXANDER KURCHIN, M.D. AMIKAM ZWEIG, M.D., MARK MOZES, M.D., F.A.C.S. 


One hundred patients with primary palmar hyperhidrosis 
(HH) underwent bilateral upper dorsal sympathectomy (UDS) 
by the supraclavicular approach. Pre-operative epidemio- 
. logical and clinical data äre described. The immediate and late 
results, as well as the complications and side-effects are 


detailed. Follow-up was completed on 93 patients between four^ 


and 50 months after the operation (average 18 months). Of 93 
patients, 91 had drying of the hands. In 58% some moisture 
returned to the hands but in no case did the hyperhidrotic state 
recur. Subjective patient evaluation was excellent or good in 83 
patients (89%) and only one. patient fa technical failure) was 
completely dissatisfied. Reasons for some degree of dissatisfac- 
tion with the operation were mainly compensatory HH in non- 
denervated areas; and Horner’s syndrome. Compensatory HH 


usually decreased with passage of time and, permanent | 


Horner’s syndrome occurred in 8% of patients (4% of 
procedures): Technical failure can be avoided by use of frozen 
section examination intraoperatively. For severe cases of 
palmar HH that cause social, professional and emotional 
embarassment, bilateral simultaneous UDS by the supraclavic- 
ular approach i is the procedure of choice: Morbidity is small, 

and almost all patients enjoy improved quality of life after the 
operation. 


(C! WEATING OVER AND ABOVE physiological needs 
) is called hyperhidrosis (HH). Hyperhidrosis may 
be secondary to a variety of peripheral, local and 
central neurological lesions, or a manifestation of 
systemic diseases such as hyperthyroidism or pheo- 
chromocytoma.?* Secondary HH may be localised or 
generalised. Primary (idiopathic or essential) HH is 
clinically a localised lesion affecting mainly the palms, 
the feet and the axillae, with different combinations of 
severity and locations. The subject of this report is 
primary palmar HH. Almost all our patients had severe 
plantar HH as well, and some also had axillary HH. 
Charles Dickens’ description of Uriah Heep in David 
Copperfield beautifully depicts the classical picture of 
palmar HH, with all the social embarassment involved. 
The English medical literature does not disclose figures 
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on the prevalence , of this disease in the general 
population. A pilot epidemiological study of the young 
population in Israel indicates an incidence of 0.6— 195 of 
hyperhidrosis of all severities and locations. We 
estimate! that 14 of these have severe palmar HH. 

Althougli there are no coniparative data this incidence 
appears relatively high— possibly due to our warm 
climate. , Reports from Northern Europe however 
indicate that a warm climate is not the main etiological 
factor. 14516. ,23,26,31 

Similar to Cloward's observations" we too found a 
specific ethnic predisposition with a higher than aver- 
age prevalence in Jews originating in North Africa, 
Yenien and the Balkan, and lower than average in Jews 
from Persia and Iraq: 

Although various non-surgical methods of treatment 
have been tried there is general agreement that 
surgery is the only adequate modality. Leriche in 1934 
was the first to perform the operation for primary 
HH.” In' recent years there is an increasing number 
of reports on upper dorsal sympathectomy (UDS) or 
cervico-dorsal sympathectomy for HH. The largest 
series reported so far is that of Cloward on 76 
patients.!! We report here our experience with UDS 
for palmar HH in 100 patients. 


Materials and Methods 


During: the four years between August 197i and 
August 1975, 100 patierits underwent UDS for palmar - 
HH. The operation was a modification of Telford's 
supraclavicular procedure.?97?" As a rule the operation 
was periormed bilaterally in one session and T2- T3 
ganglia were removed (Fig. 1). A detailed description, 

i 


Vol. 186 e No. 1 


of the operative technique 
(submitted for publication). 

Follow-up was completed on 93 patients between 
four and 50 months after the operation (Average 
follow-up period 18 months). A detailed questionnaire 
was completed on pre-operative data. In half the 
patients this was done preoperatively. Clinical 
charts were analyzed, a detailed post-operative history 
was obtained and a physical examination was 
performed. 


is given elsewhere 


Results 
Pre-operative Data 


Fifty-one of our patients were female and 49 were 
male. Their ages ranged from 13-39 years (mean 23 
+ S.D.9. There were 34 white-collar professionals, 23 
students, and 31 were manual workers. 

The age of onset could not be defined by 41 patients 
who stated that they suffered from HH ever since 
they could remember. In 59 patients HH started 
between age three and 18 (average at age 9). Thus 
‘the duration of symptoms before surgery is about 15—20 
years. Some reports mentior puberty as the time of 
onset,/?!? but this was the case in only one of our 
patients. HH has been described in a 3-month old 
baby,!° and two of our patients reported it in 112 and 
2-year old sons. 

Location of preoperative sweating. All 100 patients 
had plantar HH as well as palmar, and in 83 of them it 
was severe; 53 patients reported axillary HH, 19 of 
them severe; 16 had some facial HH; 12 patients 
reported other locations such as "the whole body," 
neck, trunk and legs. These data indicate that plantar 
HH is an integral part of the clinical picture of the 
so-called palmar HH. The existence of HH in other 
locations indicates it is probably a generalised distur- 
bance.*? 

Palmar sweating was associated in some of our 
patients with cooling and paleness of the hands and 
in others with warming and flushing. About half the 
patients questioned directly described swelling of the 
fingers associated with the exaggerated sweating. Two 
had Raynaud's phenomena. 

Patients with HH are unique in the fact that they can 
"feel" their sweating, describing a burning sensation, 
paraesthesias and the feeling of the sweat bursting 
out of the skin pores. 

Seven patients had some associated dermatological 
lesion in the palms and feet, mainly chronic 
. dermatitis and fungal infections. 

HH Was usually episodic reacting to external stimuli, 
but 30 patients reported a continuous state of ex- 
aggerated sweating persisting between episodes. The 
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Fic. 1. Schematic and simplified representation of the surgical 
anatomy. The segment removed is blocked off. 


vast majority did not sweat during sleep, and were 
dry on awakening. 

Two thirds of our patients described worsening of 
HH during the hot summer months. In 10 female 
patients there was no change in the pattern of 
sweating during 17 pregnancies. 

Familial history. In 53 patients there was some 
family history of HH of varying severity and in 
different locations. In 21 there was a strong family 
history of severe palmar HH in first degree relatives. 
Three pairs of siblings were operated upon by us. 
In two families three successive generations were 
affected. In four families several siblings were 
affected (4/7, 3/9, 5/6 and 4/6). 

In 7 relatives with HH the conditions disappeared 
after the age of 20, possibly indicating a tendency to- 
wards amelioration with age. However one of our pa- 
tients had a 77 year old father with persistent palmar 
HH. The familial tendency of HH is mentioned by other 
authors .!!:15-18-40 

Provoking stimuli. Table 1 enumerates the stimuli 
that provoked the episodes of HH in our patients. 
All three known physiological stimuli for sweating: 
Thermal, emotional and gustatory are represented, but 
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TABLE 1. Stimuli Provoking Episodes of HH 





Emotional stimuli 98 
Thermal stimulus 92 
Fine manual tasks 76 
Thinking about the predicament 67 
Physical exercise 56 
Sexual intercourse 20 
Hot and spicy food and 

alcoholic drinks 15 
Smoking l 


Exposure to cold l 





the emotional factor caused a much more severe 
degree of HH than the other stimuli. 

Specific complaints. HH caused considerable 
social embarrassment in 90 patients and interfered with 
performance of everyday tasks in 95 patients. Only 
40 patients admitted to psychological difficulties 
secondary to the HH. 

The most consistent complaints were embarrassment 
when shaking hands, and difficulties in writing and 
drawing. Many patients independently developed a 
technique using two sheets of paper during writing: 
the top one to absorb the sweat and the other to 
write on. Seven mechanics and electricians described 
frequent electrical shocks to their moist hands. Some 
patients related difficulties with their cigarettes getting 
wet and messy. Others dropped glass objects from 
their hands, or had difficulties knitting or playing 
musical instruments. 

Prior treatment. The via dolorosa of the many 
attempts at non-surgical treatment is described in 
Table 2. None of these treatments is effective except 
for anticholinergic drugs, however these cannot be 
tolerated because of their side effects. The variety of 
treatments attempted and the resorting to non- 
conventional methods by desperate patients indicates 
the futility of non-surgical treatment in severe cases. 

Associated diseases. A few patients had other dis- 
eases, but the distribution of these appeared to be in 
accordance with their expected incidence in the general 
population. 


TABLE 2. Non-surgical Attempts at Treatment of HH 





Topical treatment (astringents, absorb- 
ing powders) 84 
Anticholinergic drugs 32 
Sedatives 16 
Psychological and psychiatric 
treatment 1 
Iontophoresis 
Hypnosis 
Irradiation of palms 
5 Acupuncture 
Physiotherapy (?) 
Blood letting (?) 
Sodium chloride tablets (?) 
Chinese flowers (?) 


———— ANDOA 
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Seven patients received psychiatric treatment for 
reasons not related to HH. However our impression 
was that the majority of patients did not have any 
basic psychiatric disturbance, excluding some mild 
neurotic traits which could well have been the 
results of HH. Our observations do not support the 
common view that HH is basically a psychiatric 
disturbance. 


The Operation 


Ninety-eight patients had a bilateral operation in 
one session, and two had one side operated upon after 
a transaxillary unilateral operation at another hospital. 
4 patients in whom the operation failed on one side 
underwent transaxillary sympathectomy at a later date, 
for a total of 198 supra-clavicular and 6 transaxillary 
operations. 

The operative approach is supra-clavicular, between 
the two heads of the sterno-cleido mastoid muscle. 
The phrenic nerve is retracted, the scalenous anticus 
is transected and the superior branches of the sub- 
clavian artery are ligated and divided. The subclavian 
artery is retracted caudally, Sibson's fascia is pene- 
trated and the apex of the parietal pleura is pushed 
downwards revealing the stellate ganglion and the 
upper dorsal sympathetic chain. The chain is divided 
immediately below the stellate ganglion, and T2- T3 
ganglia are removed. In case of doubt a frozen 
section is requested on the specimen. Saline is poured 
into the wound while the anasthetist inflates the lungs. 
If a pneumothorax is suspected the wound is closed 
over a small latex drain which is withdrawn after 
skin closure with the lungs fully inflated. A chest x-ray 
is usually obtained immediately to rule out pneumo- 
thorax. A tear of the pleura was noted during surgery 
in 41 procedures (21%). None of these developed a sig- 
nificant pneumothorax necessitating drainage. 

Immediate results and complications. Of 198 pro- 
cedures 191 resulted in drying of the hands (96.592). 
In 6 patients (one on both sides) failure to achieve 
dry hands correlated with the histological report 
revealing no ganglion cells in the specimen. In two 
other patients with peripheral nerve fibers but no 
ganglion cells in the specimen on one side, the hands 
dried after the operation. Since we began using frozen 
section routinely in cases of doubt we have not had 
such failures. Four of the 6 patients with immediate 
failure requested re-operation—all with good results. 
The other two declined. 

Other immediate sudomotor effects were: a) Com- 
plete drying of the feet in 26 patients, and partial 
drying in 22. Seven patients that retained plantar 
sweating noted that after the operation it occured only 


Vol. 186 e No. I 


with thermal and not with emotional stimuli. b) Severe 
trunkal HH in 25. c) In 18 patients there was a clear 
story of a brief episode in palmar sweating appearing 
between 1-7 days after the operation followed again 
by complete drying of the hands. The episode lasted 
from a few minutes to 24 hours. The phenomenon 
had been noted by others!9?? but no explanation 
was offered by them. It may represent a transient 
discharge of the transmittor substance at the nerve 
ending resulting from post-ganglionic degeneration. If 
it occurs the patient may be reassured that it is not a 
sign of failure of the operation. 

Immediate complications. There was no mortality 
and no serious morbidity. A list of the immediate 
post operative complications is given in Table 3. 

Pyrexia, an extremely common occurrence, is not an 
expression of infection. It appears within 24 hours and 
usually lasts for 24—48 hours subsiding spontaneously. 
No patient received antibiotics post-operatively. 

We assume this pyrexia is an expression of 
failure of thermoregulation because of general "sympa- 
thetic shock” resulting from the operative damage to a 

` part of the sympathetic system. 

Pneumothorax necessitating drainage occurred only 6 
times in patients in whom a tear of the pleura was not 
observed during the operation. This was probably the 
result of a missed pleural tear. Pleural effusion, always 
small, correlated with diagnosed pleural tears, and 
probably resulted from the saline poured into the 
wound. 

The relatively high incidence of immediate Horner 
syndrome in our pre-ganglionic operation confirms 
recent anatomical knowledge: The cilio-spinal center 
is not sharply confined to T1 spinal level, but may 
extend downwards as low as T5.*:17*? 

Brachial plexus contusion resulting from pressure of 
retractors usually involved the lower trunk (spinal 
roots C8 TI, Klumpke's Syndrome). It was usually 
mild and transient, and became less frequent with 
increasing experience. 

Other complaints of post operative pain were of 
three types: 1) Post sympathetic neuralgia in 6 patients 
usually mild and always transient. 2) Muscular type 
pains in the neck, back and abdomen, probably 
secondary to the fasciculations induced by succinyl- 
choline, or to the hyperextension of the neck during 
the operation. 3) Pleuritic type chest pain probably 
due to irritation of the apical pleura by the inevitable 
small hematoma in the operative field. 

Average post-operative stay after the operation was 
four days, considerably shorter than in any other 
approách to UDS. 

Late results and late sequellae . Ninety-three patients 
were followed for an average of 18 months. There were 
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TABLE 3. Immediate Complications Following 198 UDS 
in 100 Patients 





Pyrexia > 37.9°C 71 
Dyspnea 37 
Pneumothorax 17 
mild 11 
severe (necessitating drainage) 6 
Pleural effusion, small 7 
Horner 357 
*mild 33 
remarkable 24 
Brachial plexus contusion 11 
Recurrent laryngeal paralysis, 
transient l 








* Mild Horner does not cause a cosmetic defect, and is detectable 
only on close examination. 


only 2 failures (one bilateral) in patients who refused 
further surgery. Of 91 patients with a good initial 
result 53 (58%) reported return of some moisture to 
the hands, while in 38 the hands remained completely 
dry. In no case was there a return to the hyper- 
hidrotic state. 

Return of moisture was asymmetrical in half the 
patients. In 7 cases (13%) the ulnar region of the palm 
representing C8 spinal dermatome was affected. 
Moisture returned between 1—12 months after the 
operation (average 5 months). The rate of this partial 
relapse was 70% in the first 45 patients and 48% 
in the last 45 patients, this difference confirming the 
increase of relapse with the increasing length of the 
follow-up. 

Of 53 patients with partial relapse thermal stimuli 
caused sweating in 35 and emotional stimuli in 23, a 
clear-cut shift from the pre-operative pattern. 

Of 48 patients who reported drying of the feet 
(complete or partial) immediately after the operation, 
the effect was maintained in 35—in only one were the 
feet completely dry. Forty-eight patients reported com- 
plete or partial drying of the face. 

Only 9 procedures resulted in complete drying of the 
axillae, and 78 gave partial drying. Full drying of the 
axillae probably requires removal down to T5 
ganglion,'® but our procedure is deliberately less ex- 
tensive, so that any effect on the axillae is incidental. 
In the 6 patients who had one side operated upon 
via the transaxillary route, the axilla was always 
dryer on that side. Using the Telford procedure 
axillary sweating, if present, is tackled not by a more 
extensive procedure, but rather by axillary skin exci- 
sion. Some authors report doing this at the same 
session. It is our prejudice that axillary skin 
axcision is preferable to an extensive sympathectonfy 
regardless of the approach, because an extensive 
sympathectomy will further aggravate the problem 
of compensatory hyperhidrosis (vide infra). 
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Fic. 2. Starch-iodine (Minor's) test demonstrating demarcation line 
between sweating and dry skin. Note profuse sweating below the 
line. 


Seventeen patients reported a sharp line of demarca- 
tion on the chest and back wall between dry and 
sweating areas (Fig. 2). This represents similarity 
between cutaneous and so-called sympathetic derma- 
tomes in this region. The axillae innervated by the T2 
somatic dermatome are spared in these patients and 
retain their sweating. 

Late sequellae. Late sequellae are summarized in 
Table 4. *‘Gustatory phenomena” were a frequent side 
effect of the operation and will be described in 
detail in another report. Patients responded with sweat- 
ing in the face and other regions to a wide variety 
of gustatory stimuli. Gustatory phenomena appeared 
on the average of 5.5 months after the operation 
and are considered an expression of aberrant re- 
generation. 

Compensatory HH in other areas of the body mainly 
4runk, axillae and thighs was reported by 59 patients, 
but only 24 regarded it as a significant handicap. The 
discomfort is maximal during the first summer after 
the operation, and the stimulus to this HH is thermal. 
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On successive summers the phenomenon decreases in 
severity. Due to our hot climate we consider this 
frequent complication as a strong argument against 
the performance of four limb sympathectomy in HH. 
Patients usually accept this after an explanation. 
Compensatory HH has been reported almost invariably 
by different authors,»!9:5252639 and appears to be 
more common and more severe after UDS for HH. 
This is probably an expression of the basic sudomotor 
defect in these patients. 

"Phantom sweating" which is a feeling of sweating 
without actual sweating was first noted by one of us 
(M.M.), and subsequently found on direct questioning 
to be quite common in our patients. The phenomenon 
is a subject of a separate report (submitted), and 
includes the sensations that accompany sweating in 
these patients such as parasthesias, flushing and 
pruritus. It is considered by us as evidence of residual 
sympathetic activity in the denervated limbs. 

Horner's syndrome was present in 40 patients but 
only in 8 was it remarkable. The total incidence is 
somewhat decreased from the immediate post-opera- 
tive period (57% to 43%), but the remarkable syndrome: 
is considerably decreased (24% to 8%). Of the mild 
Horners 4066 disappear, and of the severe Horners only 
13% disappear but most become mild. 

Ptosis and miosis are the most constant elements 
of the post-operative Horner's syndrome. In some of 
the patients only one of the two was prominent. Facial 
anhydrosis although common did not correlate with the 
previous two signs. Of the ocular complaints only 
conjunctival hyperemia correlated well with ptosis 
and miosis. Mild impairment of vision was noted by 
18 patients, non specific complaints of pain or itching 
were reported by 12, and in two patients a unilateral 
decreased secretion of tears was documented. 


TABLE 4. Late Sequellae in 93 Patients 





68 (73%) 
59 (63%) 
49 (53%) 
4044362) 


Gustatory phenomena 

Compensatory hyperhidrosis 

"Phantom sweating" 

Horner 
*Mild 32 

Remarkable 8 

Other occular complaints 38 (41%) 

Respiratory complaints 18 (20%) 

Wound problems 9 ` 
Hypoasthesia 7 
Keloid 2 

Cold hands 

Dry hands (mild inconvenience) 

Skin mottling 

Mild residual brachial plexus damage 

Blockage of nasal passages 

Vasomotor Rhinitis 

Fulminant dental caries 


— — NNNUNA 





* See note to table 3. 
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Two patients with Horner's syndrome complained of 
blocking of the nasal passage on the involved side, 
and in one of them pre-existing vasomotor rhinitis was 
aggravated. | 

Horner's syndrome being an expression of the extent 
and type of sympathetic denervation, we examined the 
correlation between it and other manifestations of 
sympathetic activity. 

Two major correlations were found. There was a 
negative correlation between the existence of a remark- 
able Horner and return of moisture to the hands 
(p < 0.05). There was also a negative correlation 
between severe Horner' syndrome and gustatory 
phenomena (p « 0.01). 

Respiratory complaints, usually not specific and mild 
were mentioned by 18 patients. However in 2 patients 
there was a re-exacerbation of childhood bronchial 
asthma. One patient reported cessation of attacks of 
asthma after the operation. 

Late wound problems were infrequent, consisting 
of hypoasthesia of the anterior chest wall as a result 
of severing the supraclavicular nerves, and keloid for- 


mation. Keloid was rare and the hypoasthesia not 


troublesome. 

While most patients were happy with their hands, 5 
complained of minor discomfort becaüse their hands 
were ‘‘too dry.” Seven patients reported the paradoxi- 
cal effect of their dry hands becoming colder after 
the operation,???5 indicating a dissociation between 
sudo and vasomotor functions. A possible explanation 
is denervation hypersensitivity to circulating cate- 
cholamines. 

Two patients developed a red-white mottling of the 
hands while dependent, that disappeared on elevation. 
This expression of vasomotor residual activity has been 
described by others after both dorsal and lumbar 
sympathectomies '/9:28 

Fulminant dental caries was reported in one young 
girl about one year after the operation. The relation 
to the operation is not certain, but a qualitative or 
quantitative change in the saliva resulting from 
sympathetic denervation is a possible explanation. 

Patient satisfaction with the results of the operation 
was considered an important factor because the indica- 
tion for surgery was a subjective one. Of 93 patients 54 
defined the results as excellent and 29 as good for a 
total of 83 (89%) satisfied patients. Nine patients 
(7 females and two males) had some reservations but 
not enough to cause regret over having the operation. 
Only one patient, the one with bilateral failure, defined 
the results as poor. 

The*main reasons mentioned by 39 patients who did 
not describe the result as excellent were: 1) Compensa- 
tory HH (30 out of 39); 2) Horner's syndrome in 6; 


PALMAR HYPERHIDROSIS 39 


3) Residual mild moisture in 6; 4) Gustatory phenom- 
ena in 4. Of these the most problematic both from 
the point of view of its incidence, and its severity, was 
the compensatory HH. This being an almost inevitable 
result of the operation in many patients, it should be 
clearly explained to the patients pre-operatively. 


Discussion 


Primary hyperhidrosis is considered a state of hyper- 
reactivity of the sudomotor center.!'*^? Anatomical and 
functional examinations of the sweat glands, and histo- 
logical studies of the sympathetic ganglia have failed 
to reveal any abnormality.!? 

It was generally accepted that thermal sweating 
normally occurred mainly in the trunk, while emotional 
sweating was confined to the palms, feet and axillae. 13-38 
HH was accordingly considered as a disorder of emo- 
tional sweating. Allen et al.* showed that in normal 
subjects emotional stimuli increased sweating propor- 
tionately all over the body, but the clinical manifesta- 
tion was in the palms and feet where the density 
of sweat glands was highest.?? Allen et al. also ex- 
amined hyperhidrotic patients? and demonstrated a gen- 
eralized hyper-reactivity of emotional sweating affect- 
ing all body regions, more of course in the palms and 
feet. In our patients data were not obtained but our 
impression was that they hyper-reacted to thermal 
stimuli as well. 

HH usually appears at an early age, often with a 
familial history. In its severe form it affects all aspects 
of the patient's life, and influences social behaviour 
and professional development. Although not a threat to 
life or organ integrity its effect may be quite crippling. 

Although secondary HH may occur in some systemic 
or neurologic diseases, the clinical picture of primary 
HH is so clear cut, that a positive diagnosis can be made 
on the basis of the history and physical examination 
alone: On the whole the patients are young and healthy 
subjects. The complaint is of long duration with no 
change in its pattern, and no influence on the general 
health. The affection is symmetric and involves palms 
and feet mainly. The pattern of episodic exacerbation 
is constant reacting to the same stereotypical stimuli. 
Sweating is usually absent when the patient is com- 
pletely relaxed as during sleep. 

An extensive pre-operative work-up is therefore 
unnecessary in the routine case. Also in a severe case 
attempts at non-surgical treatment are futile, and there 
is general agreement that UDS is the only treatment 
with a lasting effect. Of all the conditions for which 
UDS is perforned HH gives the most rewarding 
results. : 

Of the three main surgical approaches for UDS— 
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` supraclavicular (Telford),93" transaxillary (Atkins)® 
and dorsal (Adson-Smithwick)**> we prefer Tel- 
ford's approach. Its main advantage is the minimal 
morbidity and short hospital stay. It is particularly 
suited to the treatment of HH, in which the sympa- 
thectomy should be deliberately of a small extent, 
in order to minimise the compensatory sweating in 
the non-denervated areas. Six patients who were in 
the position to compare Telford's to Atkins' opera- 
tions (having undergone both) unequivocally preferred 
the supraclavicular operation. 

The unpredictable variability of the denervation 
effect (Horner’s syndrome, drying of the face, axillae 
and feet, compensatory HH, gustatory phenomena and 
different forms of return of moisture to the hands), 
in what is a standard operation, is probably an ex- 
pression of individual anatomical variability of the 
sympathetic pathways, as well as some variations in 
the extent of the resection due to inaccurate identi- 
fication of sympathetic segments during the operation. 

The ideal sympathectomy would achieve a complete 
and permanent denervation. It is accepted that this is 
not feasible and in any form of operation sooner or 
later some relapse of sympathetic tone will occur.? 

Our data demonstrate certain phenomena that may 
be an expression of residual sympathetic activity e.g. 
"Phantom sweating,” mottling of the hands, and possi- 
bly post-sympathectomy neuralgia. We also en- 
countered relatively early and quite frequent relapse 
of sympathetic activity in the form of return of some 
moisture to the hands. This relapseis notareturn to HH 
and most patients enjoy this moisture more than they 
did their completely dry hands. It is worth noting that 
Sarkar using electrical conductance studies?? showed 
that even in patients with clinically dry hands after 
the Telford operation, some sudomotor activity was 
still present. 

The relapse does not appear to be a phenomenon 
of denervation hypersensitivity, nor a result of a per- 
sistent local factor such as may be present in Raynaud’s 
disease. It is therefore a return of sympathetic tone 
due to: a) Regeneration? or collateral sprouting’ or 
b) Residual sympathetic pathways traversing Skoog's 
ganglia,j??* the nerve of Kountz (quoted by 21) or 
white rami communicants to the upper extremity 
emerging from C8 T1 spinal levels.9:? 

The pattern of relapse in some of our patients who 
reported moisture along the ulnar aspect of the hand, 
lends possible support to the theory that the relapse 
is an expression of residual sympathetic outflow from 
C8 spinal level, which innervates the ulnar region of 
the hand. 

Various modifications of technique and approach 
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have claimed theoretical advantages in delaying and 
decreasing' the rate of relapse. However the final 
results are not significantly different with any of these 
variations.?9?4 

There is a wide spectrum of attitudes in the litera- 
ture on the surgical treatment of HH. Some describe 
the operation as a minor procedure with excellent 
results and very few complications.'*-15-18-!922 Others 
completely object to surgery for what they consider to 
be a benign functional disorder.! In our extensive 
experience. the truth lies somewhere in between 
these two extreme views. 

Severe palmar HH can be quite crippling, but the 
operation in spite of giving good results, should not be 
taken lightly. Apart from sequellae described in this 
report, scme other aspects have not yet been fully 
investigated. These include possible denervation 
effects on bronchi and lungs, on the myocardium 
and the coronary circulation, on salivation and dental 
health, and on ophthalmic functions such as lacrima- 
tion and accomodation. Some studies along these 
lines are presently being pursued by us. 

Accordingly our policy is by no means to encourage 
indiscriminate operation for all patients with HH. 
Patients referred to us receive a pamphlet enumerat- 
ing possible side effects and sequellae. Some patients 
on reading it decide against the operation, thus we 
eliminate those patients whose discomfort is not so 
severe. We have found this simple maneuver helps 
those patients who do decide to undergo the operation 
to adjust better to the post operative sequellae. 

On the whole primary palmar HH is a disabling 
condition, affecting all aspects of life in modern society. 
The operation is associated with minor morbidity, 
and its results, although by no means perfect, are 
generally good, almost always improving the quality 
of life. 

Addendum 

Since the completion of this paper a further 42 patients 
have had the operation, bringing the series up to 142. These 
added cases have not changed the basic data, „although 
there was a lower incidence of technical operative compli- 


cations such as severe Horner's syndrome, pneumothorax 
and brachial plexus injuries. 
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Regional Pancreatectomy: 


En Bloc Pancreatic, Portal Vein and Lymph Node Resection 


JOSEPH G. FORTNER, M.D., DONG K. KIM, M.D., ANTONIO CUBILLA, M.D., ALAN TURNBULL, M.D., LYLE D. PAHNKE, 


M.D., MAURICE E. SHILS, M.D. 


Eighteen patients are reported who have had a regional 
pancreatectomy. The pancreatic segment of portal vein was 
excised with the en bloc total pancreatectomy and regional 
lymph node dissection in all 18. Venous repair was by end-to- 
end anastomosis without a graft. Five of the 18 also had various 
arterial resections and reconstructions. Sixteen of the 18 had 
been explored and deemed nonresectable elsewhere. This 
operation has doubled the resectability rate in this institution. 
The 30-day operative mortality rate was 16.6%. Acturarial 
survival is 62% at one year compared with 36% one year 
survival rate for patients undergoing pancreaticoduodenectomy 
for less advanced cancer in previous years. A more valid 
comparison would be between those who had a palliative 
procedure since most patients in the present series were initially 
considered unresectable. One year survival for these patients 


was 22%. The quality of life was good for most patients. 

EW WAYS TO DEAL With vascular barriers to re- 
N secting cancer of the pancreas and a basis for 
improved survival rates are provided by the operation, 
regional pancreatectomy. This therapeutic approach is 
suited also to many deeply invasive cancers of the 
ampulla, as well as for cancers of the periampullary 
region and duodenum. The operation is an en bloc 
resection of the pancreas with adjacent soft tissue and 
transverse mesocolon, regional lymph nodes and 
pertinent vascular structures. The three main types are 
based upon the vascular procedures employed. Re- 
section of the portal vein en bloc with the pancreas is 
‘done in the Type I operation. (The defect is repaired 
without a graft by anastomosis of the superior 
mesenteric vein to residual portal vein.) Additional 
removal of the hepatic and/or superior mesenteric 
arteries for more extensive cancers is a Type H 
operation. A Type 0 procedure is one in which the 
extensive en bloc resection of a Type I operation is 
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carried out, but the portal vein is not taken (i.e., for a 
small lesion in the distal body or tail of the pancreas). 

The operation (Type I) was performed for the first 
time on February 1, 1972, and preliminary reports made 
in 1973 and 1974.19-11 This communication describes our 
more recent experiences with these operations which 
have been applied systematically during the past two 
years to 18 patients. Sixteen had been declared non- 
resectable elsewhere. Using this procedure has 
increased the resectability rate for cancer of the 
pancreas at this institution from 18% to 40%. One year 
survival rates have been increased to 62% from 
previous years results of 3676 for patients undergoing 
pancreaticoduodenectomy or 22% for comparable 
patients who had bypass operations. 


Materials and Methods 


Fifty-two patients with cancers of the pancreas, 
ampulla, duodenum or distal common bile duct were 
treated by the authors from April 1974 to April 1976. 
Twenty-one (4096) had a curative type of resection. with 
18 or 34.696 of the 52 having regional pancreatectomies. 
Two patients had a standard pancreaticoduodenectomy: 
one for a cancer arising in the ampulla and the other in 
the distal common bile duct. One total pancreatectomy 
for cancer of the head of the pancreas was performed in 
a poor risk patient. Palliative surgery was done for 31 
individuals whose disease had extended 'beyond 
regional confines. Only patients with regional pancre- 
atectomy are considered in this report. 


This group is composed of 8 women ranging in age. 
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from 43 to 64 years and 10 men who were 40 to 66 years 
old. Eleven had pancreatic duct adenocarcinoma. 
Seven individuals had extensive cancers of other types: 
adenocarcinoma originating in the duodenum—3; 
ampullary adenocarcinoma—-1; terminal bile duct 
adenosquamous carcinoma—]1; adenocarcinoma of 
indeterminate origin-— 1; islet cell carcinoma involving 
head and body of the pancreas— 1. 

Twelve patients were referred with a positive pan- 
creatic cancer biopsy obtained at a prior laparotomy. A 
positive biopsy was obtained by transduodenal needle 
biopsy in five other individuals at time of regional 
pancreatectomy. Resection was based on clinical 
judgement in one patient after multiple negative 
biopsies. Baseline xylose absorption tests? were done 
on nine patients. Supplemental studies were repeated 
after one to 6 months. l 


Clinical Status 


Extensive reaction to prior surgery, severe pancrea- 
titis and large tumors were present in nearly all patients. 
Eight patients were particularly difficult: (1) tumor 
grossly encased the common hepatic artery and 
gastroduodenal artery; (2) tumor extended in the porta 
hepatis nearly to the liver, vascular anomalies were 
present and the patient was severely jaundiced; (3) a 
previous distal pancreatectomy with Roux-en-Y pan- 
creaticojejunostomy for presumed recurrent acute 
pancreatitis led to the discovery of cancer which had 
been only partially removed; {4) prior choledochos- 
tomy, sphincterotomy, biopsy, T-tube insertion and a 
postoperative wound infection; (5) cholecystocolonic 
fistula with gallstones impacted in the fistula; (6) wound 
infection with patient in such poor general condition 
that intravenous alimentation was necessary for five to 
6 weeks preoperatively; (7) severe jaundice and oral 


herpes; (8) non-function of right kidney with narrowing ` 


of the inferior vena cava by invasive tumor and com- 
pression of the portal venous system as revealed by 
angiography. 


Surgical Procedures 


Type I 


A total pancreatectomy is done with removal of the 
pancreatic segment of portal vein, transverse meso- 
colon with middle colic vessels, surrounding soft tis- 
sues and regional lymph nodes. A subtotal gastrec- 
tomy, duodenectomy, splenectomy, and removal of 

. gallbladder and common bile duct are included. The 
portal vein, hepatic artery, celiac axis and superior 
mesenteric artery are skeletonized. A retroperitoneal 
node dissection from the diaphragm above, to the origin 
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of the inferior mesenteric artery below, is carried out. 
Laterally, Gerotas fascia is incised and reflected 
medially from the renal hilum with removal of 
soft tissue and lymph nodes lateral and medial to the 
aorta and vena cava. The defect in the portal venous 
system is repaired by pushing the base of the small 
bowel mesentery cephalad and doing an end-to-end 
anastomosis of superior mesenteric vein to the portal 
vein. À vein graft is unnecessary and has not been used. 
An end-to-side choledochojejunostomy and gastroje- 
junostomy complete the procedure. 


Type II 


` The celiac axis, hepatic and/or superior mesenteric 
arteries are removed as an.addition to the Type I pro- 
cedure. There are three subtypes. Type IIa — À segment 
of superior mesenteric artery is removed. Reconstruc- 
tion is by end-to-end anastomosis of the artery, an end- 
to-side anastomosis to the aorta, or by replacement of 
the vessel with a saphenous vein graft or arterial 
prosthesis. Type IIb— The celiac axis and/or hepatic 
artery are removed. The defect is repaired by end-to- 
end anastomosis of hepatic artery to the base of the 
splenic, common hepatic arteries or the celiac axis. 
Alternately, it can be repaired with a saphenous vein 
graft or arterial prosthesis connecting the common 
hepatic artery to the aorta. Type IIc— Both celiac axis 
and superior mesenteric artery are removed and re- 
constructed separately or with a bifurcated arterial 
prosthesis. 


Type 0 


A Type I procedure is done except for removal of the 
portal vein segment. 


Results 


The mean operating time was 10 hours ranging from 8 
to 12 hours. Intraoperative blood replacement was 5 to 
27 units with a mean of 10 units (5000 cc). Postoperative 
hospitalization averaged 53 days, ranging from 38 to 89 
days. The intensive care unit stay averaged 10 days, but 
ranged from 5 to 38 days. Thirteen patients had the 
Type I and five a Type IJ procedure (Table 1). Resection 
of an area of inferior vena cava about 6 x 3 cm in 
conjunction with a right nephrectomy was done in 
addition to the Type I procedure in one patient. The 
defect was repaired with the resected segment of portal 
vein which was made into a patch graft. This segment - 
was well away from tumor and could be used safely. A 
second modification of the Type I procedure was* 
necessary in another patient. Here, the right hepatic 
artery arose from the superior mesenteric artery, ` 
crossed posterior to the pancreas, but could be 
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TABLE 1. Vascular Resection and Reconstruction 


Type I $ 13 


portal vein resection with end-to-end anastomosis 13 
4 

segmental resection of inferior vena cava and re- 

construction with patch graft of portal vein 1 
resection of celiac axis and left hepatic artery 

without reconstruction I 

Type I 5 

portal vein resection with end-to-end anastomosis 5 


mid-portion superior mesenteric artery resection 
with end-to-end anastomosis 2 


proximal superior mesenteric artery resected with 
end-to-side anastomosis to aorta 1 


resection of right hepatic artery with anastomosis 
to base of splenic artery 1 


resection of common hepatic artery with 
anastomosis of right hepatic artery to splenic 
artery and left hepatic artery to celiac axis 1 


dissected from the tumor. The celiac axis and left 
hepatic artery were involved in the tumor and were 
resected with the mass. Vascular reconstruction was 
not done. No untoward effects were noted in either 
patient. 

Three of the Type II pancreatectomies were sub- 
group a. In two instances, the mid portion of superior 
mesenteric artery was resected with the pancreas and 
an end-to-end anastomosis of the shortened superior 
mesenteric artery carried out. In the third patient, an 
end-to-side anastomosis of the distal half of superior 
mesenteric artery to the aorta was done. There were no 
vascular complications. Vascular procedures on the 
superior mesenteric artery were preceded by cannula- 
tion of a small jejunal branch for perfusion and chilling 
of the temporarily devascularized bowel. Chilled 
Ringer's lactate was used as a perfusate with the 
effluent collected from the transected end of superior 
mesenteric vein. Two patients had a subgroup b 
procedure. In one, the right hepatic artery arose from 
the superior mesenteric artery and crossed through the 
tumor. It was resected and the hepatic artery was 
anastomosed to the base of the splenic artery at the 
celiac axis. There were no apparent complications. A 
second patient had resection of the common hepatic 
artery and anastomosis of the right hepatic artery to the 
base of the splenic artery and the left hepatic artery was 
anastomosed to the celiac axis at the common hepatic 

eartery takeoff. The vessels were severely arterio- 
sclerotic resulting in thrombosis of the right hepatic 
artery and liver infarction and death of the patient about 
72 hours postoperatively. 
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Portal venous occlusion times were recorded for 15 
of the patients. It varied from 8 to 35 minutes with an 
average of 14.5 minutes. Upper and lower lines of 
transection of the vein were invariably beyond gross 
tumor and pancreatic margins. The length in the 
surgical specimen was measured in only 6 instances, 
where it varied from two to 6.5 cm with an average of 
4.2 cm. Neither heparinization nor temporary occlu- 
sion of the superior mesenteric artery were used during 
the time of portal vein occlusion. 

A subtotal gastric resection was done in 14 patients. 
The left. gastric artery and venous drainage from the 
lesser curvature and superior surface of the stomach 
were preserved. In two early patients, extensive 


- dissection of the venous drainage of the stomach 


caused massive hemorrhage and congestion of the 
gastric remnant which was controlled by ligation of the 
left gastric artery. In Types IIb and IIc regional 
pancreatectomies, a total or near total gastrectomy is 
necessary. Sacrifice of the left gastric artery with the 
accompanying extensive dissection in these operations 
leads to dependence on the phrenic vessels. This has 
proved to be hazardous. In the present series, a total 
gastrectomy was necessary in three patients and one 
had all but 1096 of the stomach removed. 
Preservation of the vascular arcade of the transverse 
mesocolon permitted safe ligation of the middle colic 
vessels and inclusion of the transverse mesocolon with 
the en bloc resection. Blood supply of the transverse 
colon was from the ileocolic and inferior mesenteric 
vessels. Inadvertent ligation of the inferior mesenteric 
artery in two early cases and tumor encroachment in 6 
was the basis for removal of the transverse colon in 8 
patients. In two of these, the ascending and descending 
colons and proximal jejunum were removed; in one, the 
proximal jejunum was included and in another, the 
ascending colon and right kidney were removed. Two 
of the patients who had resection of the transverse 
colon were among the three who had a total gastrec- 
tomy also. Reconstruction was invariably by an end-to- 
end anastomosis of the remaining intestinal tract. 
Biliary tract reconstruction was by an end-to-side 
anastomosis in 13 patients and by end-to-end in five. 
Neither a T-tube, other stent, nor external drainage 
were used. Anastomosis was by a single layer, inter- 
rupted 4-0 silk suture of the inverting type. * 


Pathology 


Duct Adenocarcinoma of the Pancreas 


The distribution of these tumors within the pancreas 
is listed in Table 2. Grossly they were firm, white-gray ' 
and sclerotic with poorly circumscribed outlines 
measuring from 2.5 to 9 cm. in the largest dimension 
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(average 5.1 cm) Microscopically, the eleven cases 
showed a well- to moderately well-differentiated duct 
adenocarcinoma, with prominent desmoplastic re- 
action. Obstructive pancreatitis in the form of acinar 
atrophy, fibrosis and chronic inflammation was noted in 
all cases. Perineural invasion was found in 9 cases. Ín 
the 11 patients, one or more of the following adjacent 
structures were directly invaded microscopically: 
portal vein—6; duodenum—8; stomach—2; and 
ampulla of Vater— 1. 

in situ or intraductal carcinoma was noted in addition 
to the invasive neoplasm in three cases (2796). In one, 
multifocalin situ cancer was in the area surrounding the 
invasive neoplasm. Multicentric, atypical hyperplasia 
below the histologic level of carcinomain situ was noted 
in another patient with an invasive adenocarcinoma in 
the head. These changes were present in the main and 
intermediate pancreatic ducts throughout the head, 
body and tail. In another case, following distal pan- 
createctomy for carcinoma of the tail at another 
hospital, regional pancreatectomy revealed multiple 
foci of intraductal carcinoma in the stump of residual 
body of the pancreas. In the one patient with involve- 
ment of the head, body and tail, a portion of pancreatic 
body contained no cancer between the tumor mass in 
the tail and the other in the body and head. 

The average number of lymph nodes per specimen 
was 73. Metastases to regional lymph nodes were pre- 
sent in nine of the 11 cases. The most common anatomic 
groups” involved were the superior group in 6 patients; 
inferior group in six patients; posterior group in four 
patients. The number of positive lymph nodes per 
patient varied from one to 18 with an average of five. 


Tumors Other Than Duct Adenocarcinoma of Pancreas 


Duodenal adenocarcinomas (three cases) were firm, 
constricting, ulcerating and infiltrating in two in- 
stances. In the third, the tumor was soft, polypoid and 
gelatinous. The ampullary adenocarcinoma was a 
small, indurated, white-grey tumor of the ampulla of 
Vater which infiltrated the papillary portion of duo- 
denum and underlying pancreatic tissue. The bile duct 
carcinoma was mostly an intraluminal, firm, white-gray 
tumor involving the common bile duct 1 cm. above the 
ampulla. The duct was destroyed in one area and 
pancreatic tissue was also involved. The islet cell car- 
cinoma was a solid, rubbery tan to white-yellow tumor 
involving the head of pancreas and infiltrating the duo- 
denal wall and portal vein. The portal vein was oc- 
cluded by a tumor thrombosis 4 cm long and 1.5 cm 
wide. The adenocarcinoma of indeterminate origin was 


. a large (9 cm) fungating and ulcerating neoplasm 


involving the entire thickness of duodenal wall, pan- 
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- TABLE 2. Pathological Findings 








Duct Adenocarcinoma of Pancreas (11 cases) 


Average No. of 


No. of Average Positive 
Anatomical Site Cases Size(cm) Lymph Nodes 
head 7 4.2 6.1 
head-body 2 6.2 1 
body-tail 1 unknown 0 
head-body-tail 1 9 3 
Total 1 5.1 4.8 


Tumor Other Than Duct Adenocarcinoma of Pancreas (7 cases) 


duodenal adenocarcinoma 3 I! I 
ampullary adenocarcinoma 1 1.5 0 
bile duct adenosquamous 1 2 
adenocarcinoma of 
indeterminate origin 1 9 1 
islet cell carcinoma 1 6 1 
Total Y 7.4 1.2 





creas, bile duct, right renal vein, renal pelvis and in- 
ferior vena cava. The average size of the lesions are 
listed in Table 2. Histologically, all tumors except for 
the islet cell carcinoma were adenocarcinoma with 
mucin production. The bile duct lesion had a squamous 
carcinoma component (adenosquamous carcinoma). 

The average number of lymph nodes in these re- 
sected specimens was 70. Regional lymph node metas- 
tasis was noted in four of the seven cases. The number 
of lymph nodes containing metastatic carcinoma in the 
four cases was 1, 2, 3, and 3, respectively. The patient 
with only one positive lymph node had an islet cell 
carcinoma. 


Metabolic Consequences 
Fluid Requirements 


Sequestration of plasma into the gastrointestinal 
tract was evident intraoperatively by edema of the 
bowel wall. Plasma loss from the raw surfaces of dis- 
sected areas and leakage from transected lymphatics 
were also present. Large volumes of colloid replace- 
ment were given to compensate for this loss. In 13 Type 
I regional pancreatectomies an average of 3.3 liters (2.0 
to 4.8 liters) were given during the operation. The five 
Type II operations required somewhat more being 4.4 
liters on the average (range 3.2 to 6.1 liters). 
Maintenance of an adequate urine output was assured 
by sufficient crystalloid infusion. 

Colloid requirements continued to be large for the 
first three to four postoperative days. Most patients, 
required as much as 1.5 liters per day during this period. 
Four or about 2096 were given more than 1.5 liters per 
day. Type II regionally pancreatectomized patients did 
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not require significantly more colloid maintenance than 
the Type I patients postoperatively. 


Insulin Management 


Four to 6 units of regular insulin were given sub- 
cutaneously every 6 hours to cover 596 glucose in- 
fusions in the early postoperative period. This dose was 
regulated according to blood glucose levels and 
correlated with urinary glucose spillage. Patients were 
found to be extremely sensitive to insulin. Every effort 
was made to maintain serum blood sugar levels of 
180—280 mg% with mild glycosuria during the first 
postoperative weeks. Ketoacidosis was avoided, but 
hypoglycemic episodes occurred in 5096 of patients 
during hospitalization. Total parenteral nutrition 
provided caloric support until oral intake was adequate. 
In recent cases, patients maintained on total parenteral 
nutritional after leaving the intensive care unit have 
been maintained by combination of intravenous insulin 
“(starting with 1 unit regular insulin for every 100 glucose 
calories and modifying as indicated) plus q6h coverage 
for urine glucose above 1+. Recent use of intravenous 
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fat emulsion (intralipid) has improved the management 
of these patients in the postoperative period. 

After stabilization of diet and increasing physical 
activity, NPH was substituted for regular insulin on a 
daily basis, the amount initially being approximately 
one-half to two-thirds the previous average daily regu- 
lar insulin requirement. Insulin requirements gradually 
decreased with time, averaging 17 units NPH daily 
(8—30 units range) after four months. Increases in in- 
sulin requirements were usually due to occult infection 
or dietary changes. This proved to be the first mani- 
festation of recurrent cancer in two patients several 
months after discharge from the hospital. 


` Nutritional 


Appetite. was characteristically poor in the initial 
stages of recovery necessitating parenteral nutrition for 
three to five weeks after surgery. Xylose absorption 
was found to be impaired during the first postoperative 
month (Fig. 1). Initially, the degree of impairment 
varied greatly between patients but all improved to 
normal at approximately the same rate. The time re- 
quired for this was related directly to the severity of 
initial impairment and the amount of gastrointestinal 
tract resected. 

Frequent, thin, mucoid stools were usually noted 
within 48 hours after surgery. This subsided after sev- 
eral days until oral feedings began. Bowel movements 
then were usually watery, loose and frequent, with 
stools occurring 7 to 8 times per day; they were dif- 
ferent in fluid loss, and consistency and appearance 
from that expected from pancreatic insufficiency alone. 
Treatment of the loss of endogenous pancreatic 
enzymes was with Cotazym® or viokase, three to four 
capsules with each meal. The evident hypermotility 
was slowed with opiates or lomotil. As absorption im- 
proved, most patients acclimated to two or three 
formed stools per day. Two patients have had pro- 
longed diarrheal states. One patient with marked mal- 


TABLE 3. Postoperative Complications 


i. Hemorrhage 
2. Fistula 
a. gastrojejunal 2 
b. colon 4 . 
3. Severe Diarrhea and Malabsorption 4 
4. Pleural Effusion 6 
a. cancer cells identified 
b. serous 
5. Mental Depression and Withdrawal 2 
6. Infections 8 
a. wound infection 
b. pneumonia 
c. sepsis with control 
d. sepsis with multiple organ failure 
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absorption associated with jejunal and colon resection 
required total parenteral nutrition (TPN) at home”? until 
his absorption improved. 

Protein and fat absorptions were not studied but ap- 
peared to be imparied for three to four months when the 
patients' nutritional status generally improved. Post- 
operative weight loss has stabilized at an average of 
2396 less than the preoperative weight (range 10— 3792). 
Iron, calcium and phosphorus deficiencies have not 
been observed with careful attention to diet. Magnesium 
deficiency has occurred in the several patients with 
marked malabsorption following cessation of total 
parenteral nutrition. Bowel fistulas occuring in 6 
patients closed spontaneously with TPN in five cases. 
One fistula was closed surgically. 


Morbidity and Mortality 


Table 3 lists the postoperative complications. Those 
of most serious import, such as gastrointestinal fistula 
occurred in the earlier patients of this series. 

There were three postoperative deaths within 30 days 
of operation giving a mortality rate of 16.6%. One death 
occurred on the fourteenth postoperative day from 
multiple complications which were sequelae of necrosis 
of the common bile duct. At necropsy this patient also 
had thrombosis of the portal vein although angiography 
on the sixth postoperative day showed a normal portal 
venous system. Sepsis and three operative attempts to 
control,hemobilia may have been contributing factors. 
A second patient died of a myocardial infarction 72 
hours after surgery without undue operative stress or 
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Regional pancreatectomy 4/74-4/76: 15 pts. 
2.---.----. Whipple resection 1959-1969: 17 pts. 
~— —— Bypass procedure 1959-1969: 77 pts. 


6 alive more than 12 months (3 NED, 3 AWD) 
2 withdrawn alive (2 NED) 
7 died: 
4 of disease 
| 2 other cause 
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hypotensive episodes. The preoperative electrocardio- 
gram had been normal. The third death was due to 
hepatic artery thrombosis and liver infarction after 
hepatic artery resection as indicated previously. 

There were two deaths from complications more than 
30 days after surgery. One was from massive pulmo- 
nary embolism occurring five weeks after surgery in a 
patient nearly recovered after a stormy postoperative 
course. The second death occurred at another hospital 
about two and a half months after surgery, of an un- 
known cause. 


Survival Rates and Performance Status 


Eight of the 15 individuals (5396) who survived the 
operation are living for periods ranging from four to 17 
months. Six are living more than one year after regional 
pancreatectomy. Actuarial survival by Kaplan-Meier“ 
estimate is 62% at one year (Fig. 2), compared with a 
36% one year survival rate for 17 patients undergoing 
pancreaticoduodenectomy for less advanced cancer at 
Memorial Sloan-Kettering Cancer Center from 1959— 
1969.% A more valid comparison would be between 
those who had a palliative procedure since most of the 
patients in the present series were initially considered 
unresectable. There were 77 patients in this group and 
2296 were alive at one year. 

Although the subgroup is small, consideration of pa- 
tients with pancreatic duct adenocarcinoma separately, 
revealed that four of 9 patients (44%) who survived the 
operation are alive at 4 to 15.5 months. Three of the four 
are without evidence of recurrent cancer. Two of the 
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TABLE 4. Potential Contributing Factors for Recurrent Cancer within 6 Months 


Primary Cancer 





Case 1 


Case 2 


Case 3 


Case 4 


Case 5 


Other Cancer 
Case 6 


Lymph Node 
Metastases 





extensive with infiltration of 
duodenum, wall of inferior 
mesenteric vein; splenic vein 
thrombosis 


infiltration of duodenal wall, 
ampulla and common bile duct; 
bile contained isolated cancer 
cells 


extensive 
extensive 
head and body pancreas, extension 


into duodenal tissue 


rt. kidney nonfunctioning with 
vena cava and soft tissue 


directly invaded 


21 of 81 lymph nodes 
were positive 


multiple positive 
2 positive intra 
pancreatic . 


serosal implant base 
middle colic 
vessels 


multiple 


Microscopically Positive 
Margins of Resection 


cancer encircling common 
hepatic artery cut 
through 


common bile duct and 
inferior mesenteric vein, 
peritoneal surface 


common bile duct 
and jejunum 


common bile duct 


none 


inferior vena cava (soft 
tissue extension per- 
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Apparent Rapid Growth 
Rate (Death from Cancer) 


recurrence 4.5 months after 
operation 


recurrence 4 months after 
operation 


recurrence 4 months after 
resection 


recurrence 4 months after 
resection 


2nd cancer- bronchogenic 
primary; died-8 months 
cerebral metastases 


recurrence 7 months after 
resection 


infiltration 


Case 7 2.5 cm mass in head, adeno- two 


squamous; + biopsy through 
common bile duct- spillage of 
bile possibly containing cancer 
cells 


four patients with advanced cancers other than 
pancreatic duct who are presently alive are without 
evidence of recurrent cancer. 

Results were evaluated further by applying the Kar- 
nofsky Performance Scale to these patients who are 
presently alive. It was found that four are in the 90%, 
one is in the 80% and three are in the 70% group. Thus, 
five are able to carry on normal activity and need no 
special care. Three are unable to work, but live at home 
and care for themselves. 


Recurrent Disease 


Patients identified as developing recurrent disease 
within 6 months of regional pancreatectomy were re- 
viewed. Table 4 shows factors which seem likely to 
have contributed to failure of treatment. Microscopic 
cancer at or near the line of transection, particularly the 
common bile duct, appears to be a prominent factor. 


Discussion 


Historically, creation of the operation pancreatico- 
*duodenectomy??? (Whipple procedure) was a thera- 
peutic milestone. Surgeons were then able to remove 
cancers of the ampulla, periampullary region, duo- 
denum and pancreas and to cope with the inherent 


mitted only narrow 
resection everywhere) 


recurrence 6 months after’ 
resection 


none 


complex anatomical and metabolic problems. The 
operation has given good cure rates for certain of these 
cancers, most notably those arising in the am- 
pulla.^59372? Tongevity and comfort has been 
achieved for patients with adenocarcinomas of the 
pancreas, but five year cure rates for this cancer have 
been low. 

Extension of the operation to that of a total pan- 
createctomy was an important advance.*7-*-3-18 The 
therapeutic implication of the multifocal nature of pan- 
creatic cancer was recognized. Margins of resection of 
the tumor were increased and more lymph nodes were 
removed. Improved five year survival rates are a 
reflection of its merits. . 

These operations, pancreaticoduodenectomy (or dis- 
tal pancreatectomy) and total pancreatectomy, how- 
ever, have certain limitations. The resectability rate is 
low for cancers of the pancreas, varying from 5% to ` 
1826 of patients. Proximity of tumor to the portal vein 
precludes resection in nearly one-third of these non- 
resectable patients.!$ Even in resectable cases, dis- 
section of pancreatic branches to the portal vein neces- 
sarily violates the protective barrier of the pancreatic , 
pseudocapsule and may lead to inadvertent spillage of 
tumor. Furthermore, consideration of the lymphatic 
drainage of the pancreas suggests that lymph node 


D 


bM 


Vol. 186 e No. 1 


dissections accompanying pancreaticoduodenectomy 
or total pancreatectomy are incomplete, being an 
incidental part of the operation. Particularly significant 
is the high local recurrence rate indicating need for a 
greater margin of soft tissue resection around the 
pancreas.?! 

Patients in the present series presented formidable 
surgical problems. Sixteen of the 18 had been pre- 
viously explored and declared non-resectable. The as- 
sociated pancreatitis, reaction to previous surgery and 
large tumors contributed to the difficult technical 
problems encountered. Despite this, the operations 
were carried out with morbidity and mortality rates 
which compare favorably with those for pancreatico- 
duodenectomy and total pancreatectomy. Causes for 
some of the postoperative deaths can be avoided in 
future cases. Necrosis of the extrahepatic bile ducts can 
be prevented by transecting the common hepatic duct 
near its bifurcation. This avoids the possibility of 
decreased vascularity in a common bile duct which may 
have been compromised during the hilar dissection. A 
stress cardiogram preoperatively will diminish the 
possibility of undetected obliterative coronary artery 
disease being present. The risk of thrombosis of hepatic 
or superior mesenteric arteries can be minimized by 
avoiding anastomosis of small vessels which are 
severely damaged by arteriosclerosis. The potential of 
death from massive pulmonary embolism can be 
minimized in future patients by pneumatic calf com- 
pression. Preliminary biliary tract decompression 
before regional pancreatectomy is essential because of 
the increased morbidity and mortality rates experi- 
enced by jaundiced patients who had this procedure. 

Most patients developing recurrence did so due to an 
inadequate margin of resection usually at the common 
bile duct. This can be avoided by high transection of the 
common hepatic duct. If this is impossible, the patient 
should be declared non-resectable. Patients who have 
smaller lesions with less reactive inflammatory changes 
and pancreatitis should have a low morbidity and 
mortality rate, particularly where preliminary decom- 
pression of the obstructed biliary tree is carried out. 
Improved survival rates, both early and late, should 
result. 

The operation of regional pancreatectomy appears to 
be sound in that it adheres to basic cancer surgical 
principles of wide excision of the cancer en bloc with 
lymph nodes draining the anatomical region of the 
cancer. Cubilla? has recently compared the number of 
lymph nodes removed by a pancreaticoduodenectomy, 
total pancreatectomy and regional pancreatectomy. 
"These averaged, respectively, 28, 48, and 73. The 
average number of positive nodes was three, four, and 
6, respectively. Regional pancreatectomy combines 
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this more effective removal of regional lymph nodes 
with recognition of the multicentric origin or in situ 
nature of nearly one-fifth of pancreatic cancers by 
including total pancreatectomy. Particularly important 
in this operation is the ability to carry out major 
vascular ;resections and reconstructions as part of rou- 
tine upper abdominal visceral resections. It has been 
demonstrated that the pancreatic segment of portal vein 
can be resected as a routine measure en bloc with the 
pancreas and the defect repaired with a simple end-to 
end anastomosis of superior mesenteric and portal 
veins without need for a graft. Arterial resections and 
reconstructions can be carried out utilizing grafts or 
arterial branches for reconstructions. A portion of the 
right hepatic artery, for example, can be anastomosed 
to the base of the splenic artery. These capabilities 
increase the resectability rate as well as increasing the 
number of options available to the surgeon for dealing 
with cancer in patients who frequently have vascular 
anomalies which potentiate an already complicated 
clinical setting. 

Experience with these patients suggests that this pro- 
cedure is most appropriate for less advanced lesions 
ordinarily treated by a standard pancreaticoduodenec- 
tomy. Past results with small lesions treated by pan- 
creaticoduodenectomy are almost as dismal as those 
for larger lesions. It is with the less formidable lesions 
that the greatest likelihood exists of obtaining a cure 
from this operation. 

Metabolic alterations of the operation are major. In- 
itially, large quantities of colloid are needed to replace 
losses occurring from the large deperitonealized sur- 
face, lymphatic dissection and transected small bowel 
mesentery. Characteristically, these losses diminish 
sharply after three days. Another finding, that of insulin 
sensitivity of the totally pancreatectomized patient has 
been well documented previously.9 The third major 
metabolic consequence is decreased intestinal absorp- 
tion secondary to the loss of pancreatic exocrine 
function and loss of upper gastrointestinal tract. Sever- 
ance of lymphatic drainage and small bowel denerva- 
tion undoubtedly contribute. This problem is presently 
under investigation. 

Gastrointestinal fistula is a complication which was 
distressingly common in the earlier cases. It appears to 
have been from loss of adequate venous drainage from 
the gastrointestinal tract. Preservation of venous 
drainage on the lesser curvature of the stomach above 
the level ofthe left gastric artery as well as superiorly on 
the diaphragmatic aspect has obviated gastrojejunal 
fistulizations. Any questionally compromised area of 
venous drainage from the colon is treated by resection 
of the colonic segment. This is usually at the hepatic 
flexure when it occurs. Otherwise careful preservation 
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of the vascular arcade from the ileocolic to inferior 
mesenteric vessels has greatly diminished - the fre- 
quency of this complication. Total parenteral nutrition 
in the postoperative period using intravenous fat and 
covering glucose by intravenous insulin is important. 
Peripheral parenteral nutrition using fat and amino 
acids with 10% glucose to supplement oral intake in the 
early recovery period is helpful. 

Cancer cells were identified in the pleural fluid of 
three patients following resection. Although the cyto- 
logic diagnosis appears correct, cancer has not recurred 
in these patients. The finding is of concern for it could 
represent leakage of cells from the transected ends of 
lymphatics into the peritoneal. cavity. A communi- 
cation might exist between the abdominal and thoracic 
cavities: after- an extensive dissection. ‘Preoperative 
radiation and/or chemotherapy might be used as an 
effective deterrent: to this complication. : 

. Resectability ratés for cancer of the pancreas have 
been doubled while maintaining mortality rates which 
_ are comparable’ to those of prior years. Therapeutic 

effectiveness can be measured only in a preliminary 
fashion at this time. One year survival on an actuarial 
basis is 62% for the present series. This compares 
favorably with previous results from this institution 
where only 36% of patients who underwent pan- 


creaticoduodenectomy for pancreatic cancer lived one 


year after resection; only 22% subjected to a bypass 
procedure lived this long. Particularly important is the 
good quality of life of surviving patients. 
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3 Wide-range antimicrobial 
activity. 
The active ingredient in HIBICLENS, 
chlorhexidine gluconate, has proven effective 
in vitro against a wide range of organisms 
commonly encountered in the hospital. 
Representative organisms included in the 
HIBICLENS spectrum are listed opposite...with 
corresponding MIC's (Minimum Inhibitory 
Concentrations): 


5 Rapid bactericidal 
activity. 
Since HIBICLENS kills bacteria on contact, 
repeated cleansing is not necessary for a 
high level of effectiveness. This is especially 
helpful in the prevention of cross-infection 
between patients and health-care personnel. 


Persistent antimicrobial 
activity. 
HIBICLENS maintains a high level of residual 
activity...thereby helping to prevent bacterial 
regrowth. 
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evidence of toxicity with the use of 
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to health-care personnel. 
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Pseudorejection: 


Factors Mimicking Rejection in Renal Allograft Recipients 


ARTHUR J. MATAS, M.D., RICHARD L. SIMMONS, M.D., CARL M. KJELLSTRAND, M.D., JOHN S. NAJARIAN, M.D. 


Serum creatinine level is used as a major measure of post- 
transplant renal function at most centers. A significant eleva- 
tion of creatinine level suggests allograft rejection. However, 
other factors affect renal function i in the transplant recipient 
and each may cause an elevation i in serum creatinine level, 
suggesting a rejection episode. It is important to make the 
correct diagnosis and not treat these episodes with anti- 
rejection therapy. We reviewed the course of patients trans- 
planted between 1969 and 1974 to determine the patho- 
genesis of creatinine elevations retrospectively found to be due 
to causes other than rejection. Six distinct causes were found: 
hyperglycemia, ureteral obstruction, infection, lymphocele, 
arterial stenosis, and recurrence of the original disease. 
Each of these is discussed individually. In order to make 
the diagnosis of pseudorejection, a high index of suspicion is 


necessary. 

ENAL ALLOGRAFT REJECTION episodes require 
R early diagnosis and aggressive management to 
prevent loss of renal function. Serum creatinine level 
is recommended as the single measure of renal func- 
tion with greatest reliability and availability in medical 
centers and is utilized as the major parameter of renal 
function on routine long-term follow up of transplant 
patients at most institutions. A significant elevation of 
serum creatinine (>25%) suggests allograft rejection 
and requires further evaluation and treatment. How- 
ever, renal function is affected by factors other 
than rejection, and many of these may cause an ele- 
vation of serum creatinine, leading to an erroneous 
diagnosis of rejection. 

Treatment of rejection episodes differs from center 
to center; but most protocols call for an increase in 
steroid medication. These drugs are associated with 
significant morbidity and mortality; 35/59? increased 
dosages therefore, must be limited to true rejection 
episodes. So as to not use these drugs unnecessarily, 
there must always be a high level of suspicion that 
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an elevation in creatinine is due to samething other 
than a true rejection episode. 

We reviewed the course of patients transplanted at 
the University of Minnesota between 1969 and 1974 
to elucidate what conditions frequently coincide with 
an elevated serum creatinine so that rejection is sus- 
pected. Six distinct syndromes were associated with 
significant elevations (>25%) in serum creatinine. Each 
will be discussed separately. 


Patients and Methods 


Between January, 1969 and December, 1974, 515 
renal transplants were performed at the University of 
Minnesota. Patient selection, operative technique, and 
postoperative management have been previously de- 
scribed.” In brief, following evaluation and accep- 
tance into the program, bilateral nephrectomy and 
splenectomy were performed prior to transplantation. 
Posttransplantation antilymphocyte globulin (ALG). 
20-30 mg/kg/day was given intravenously to all 
patients: for two weeks. All patients received aza- 
thioprine 5 mg/kg/day initially and this was taperec 
to 2.5 mg/kg/day within one week. Recipients of non- 
HLA identical transplants received prednisone 2 mg 
kg/day.- initially while recipients of HLA identical 
kidneys received 1 mg/kg/day. This was gradually 
tapered to 0.3 mg/kg/day and 0.2 mg/kg/day, respec- 
tively. All patients received methylprednisolone 20 
mg/kg/day intravenously for the first three posttrans- 
plant days. 

Following discharge patients had blood drawn for ^ 
blood urea nitrogen, serum creatinine, hemoglobin, 
hematocrit, and white blood count three times per 
week for the first three months. This was gradually 
reduced to once a week and then once every two 
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TABLE 1. Pathogenesis of Elevated Serum Creatinine Levels 
Without Rejection in Renal Transplant Recipients 





1) Hyperglycemia 

2) Ureteral obstruction 

3) Lymphocele 

4) Arterial stenosis. 

5) Infection 

6) Recurrence of original disease 


weeks in stable patients. Only after a long period 
of stability was this reduced to monthly for the life 
of the graft. “JI ortho-hippurate renograms were 
obtained immediately posttransplant and whenever 
there was a suspicion of rejection. Rejection episodes 
were diagnosed by elevations in serum creatinine, 
fall in creatinine clearance, and delayed extraction 
or excretion on renogram. Currently, they are fre- 
quently confirmed by percutaneous needle biopsy of 
the transplant. Following diagnosis, rejection episodes 
were treated with local irradiation (150 rads every 
other day to a total of 450 rads) one gram of methyl- 
prednisolone intravenously daily for three days, and 
an increased dosage of orally administered prednisone. 

Pseudorejection was defined as an episode of sig- 
nificant elevation of serum creatinine (72596) that 
retrospectively was not caused by true rejection. The 
charts of all patients were reviewed to determine the 
incidence of this phenomenon. Many of these patients 
were initially treated for rejection as will be discussed 
later. However, as knowledge and experience with 
some of these phenomena increased, these episodes 
are now more frequently recognized and treated ap- 
propriately without rejection therapy. Six categories of 
pseudorejection were identified (Table 1). Each will be 
discussed separately. 


Case Reports 
Hyperglycemia 


There were 19 episodes of significant creatinine 
elevations in association with hyperglycemia in 
diabetic transplant recipients. Creatinine level returned 
to normal as blood sugar was corrected. Before this 
phenomenon was recognized, many of these patients 
were admitted to hospital and evaluated for rejection. 
On admission they were found to have normal reno- 
grams and to be asymptomatic with none of the clini- 
cal findings associated with rejection (fever, pain and 
swelling of the graft, leukocytosis, edema and hyper- 
tension). Since this phenomenon has been recognized, 

* when the asymptomatic stable diabetic patient pre- 
sents with an elevation of serum creatinine in asso- 
ciation with hyperglycemia, the hyperglycemia is first 
corrected while changes in creatinine level are moni- 
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tored. This can be accomplished on an out-patient 
basis. If serum creatinine falls as the plasma glucose 
falls, the patient is not admitted to hospital; how- 
ever, if creatinine continues to climb in spite of a 
fall or stabilization of plasma glucose level, the patient 
is admitted to hospital and evaluated further. 


Case 1. À 36-year-old, juvenile-onset diabetic female received 
a kidney transplant from her sister. Following an uncomplicated 
postoperative course she was discharged from the hospital with 
a serum creatinine level of 1.1 mg/100 ml. For the first three 
months the serum creatinine level remained stable at 1.1—1.3 
mg/100 ml. Three months following transplantation, serum creati- 
nine level was reported to be 1.6 mg/100 ml. Following hospital 
admission for possible rejection, serum creatinine was found to be 
1.8 mg/100 ml in association with a plasma glucose of 795 mg/100 
ml. Renogram was normal. Blood glucose was controlled with 
regular insulin and the following day the plasma glucose was 
147 mg/100 ml and the creatinine was 1.2 mg/100 ml. Following 
stabilization of her diabetes she was discharged without requiring 
rejection therapy. 


Comment. Serum creatinine in most laboratories is 
measured by an automated version of the total chroma- 
gen method of Jaffe.“ Many factors, including glucose 
are known to affect creatinine determination by this 
method.*°8® We have shown that the glucose levels 
found clinically cannot explain the associated rise in 
serum creatinine. More likely, it is the hyper- 
osmolarity due to the hyperglycemia that results in 
elevation of serum creatinine. An elevation of blood 
glucose of 500 mg/100 ml will increase osmolarity 
27.8 mOsm/L resulting in an increase of extracellular 
osmolarity.4® This will draw water from the cells re- 
sulting in a relative intracellular dehydration. As the 
renal threshold for glucose is exceeded, glucose 
induced osmotic diuresis results in losses of water 
and electrolytes. These losses result in a contracted 
plasma volume. The combination of hyperosmolarity 
and relative intracellular and extracellular dehydra- 
tion may impair renal function and thus may explain 
the elevated serum creatinine values associated with 
hyperglycemia. 


Ureteric Obstruction 


Two patients with stenosis of the transplant ureter 
initially presented with elevations in serum creatinine, 
and responded to increased steroid administration as 
therapy for rejection. Several other patients have had 
stenosis of the transplant ureter since recognition of 
the syndrome and were not treated for rejection. 


Case 2. A 10-year-old male with familial nephrosis received a. 
cadaver transplant in 1965. Following rapid rejection of éhe kidney 
he received a transplant from his father in the same year. This 
kidney was removed in 1969 because of chronic rejection and in 
1970 he received an allograft from his mother. After an un- 
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eventful postoperative course he was discharged. One month later 
he was readmitted because of rising serum creatinine. I ortho- 
hippurate renogram showed good uptake but delayed dye excre- 
tion and he was treated for rejection with a temporary fall in his 
serum creatinine level. However, 8 days later his serum creatinine 
began to rise again and continued to rise despite a second 
course of rejection therapy. A retrograde ureterogram performed at 
this time was interpreted as normal. He then received a third 
course of rejection therapy. A repeat retrograde ureterogram 
showed an obstruction at the uretero-vesical junction. À ureteral 
catheter was placed retrograde into the renal pelvis and an im- 
mediate diuresis ensued. Rejection therapy was stopped and serum 
creatinine rapidly fell. Two weeks later he underwent ureteral 
reimplantation. Biopsy at the time of surgery revealed no evi- 
dence of rejection. He is now well four years post-transplantation. 


Comment. Ureteral problems are the most fre- 
quently reported technical complications associated 
with transplantation, 3—27% in different se- 
rles.3:9.14,29,97,41,43—46,54,72,73,75,76,84,97,100—102,104 This is re- 
flected in the fact that no consensus has yet been 
reached on a perfect method for directing the urine 
into the bladder. Ureteroneocystostomy (used rou- 
tinely in this institution, ?:5:142997/72,73.109 yreteroureter- 
ostomy ,**-44-46-103 and pyeloureterostomy?? each have 
their advocates although the comparative reviews 
by Weil, Starzl and others have suggested that 
ureteroneocystostomy is associated with fewer 
complications.?7:109 

Most ureteral complications occur early in the 
posttransplant period, urinary fistula being the most 
frequent. Late complications have been reported by a 
number of centers and include stenosis, 195497199 cy- 
taneous urinary fistula,595976.4499 nephrolithiasis or 
ureterolithiasis,”> periureteral abscess, * and peri- 
ureteral fibrosis.*! Urinary fistulas are evident on 
presentation. The other entities can be diagnosed by 
routine urologic investigation (intravenous pyelogram, 
retrograde studies) or by radioisotope studies. How- 
ever, the possibility must be considered and the 
studies asked for—thus a high index of suspicion is 
necessary. 

Ureteric obstruction mimicking rejection has pre- 
viously been reported by Weiss et al?! In their 
case "dynamic radioisotope study" with 13I hippuran 
revealed the ureteric obstruction. Surgical relief of 
the obstruction, as in our cases, resulted in prompt 
decrease in serum creatinine. In our two patients 
serum creatinine temporarily fell in response to treat- 
ment for rejection. However, subsequent renal biopsy 
revealed no evidence of rejection. It is possible, 
although unlikely, that the two events were occuring 
simultaneously. Why then did serum creatinine fall 
“in respopse to anti-rejection treatment? One possible 
explanation is that there was an inflammatory com- 
ponent to the obstruction. The steroids administered 
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TABLE 2. Origin of Bacterial Sepsis in 8 Patients Who Had Elevated 
Serum Creatinine in Association with Bacterial Infection 





Septic shoulder 

Orchitis 

Septicemia (unknown origin) 
Stitch abscess 

Infected tooth 

Tonsillitis 

Tonsillitis 

Tonsillitis 


for rejection treatment may have reduced the inflamma- 
tion, thus increasing the radius (r) of the ureter. As 


flow is proportional to r*, a small increase in radius 


will result in a significantly increased flow. 


Infection 


Bacterial infections. There were 8 documented 
episodes of creatinine elevations in association with 
bacterial infection in this group of patients. Success- 
ful treatment of the infection resulted in a fall in cre- 
atinine level in all cases (Table 2). 


Case 3. A 16-year-old male with renal failure secondary to 
chronic glomerulonephritis received a cadaver transplant. Follow- 
ing an uneventful postoperative course he was discharged with a 
serum creatinine of 1.2 mg/100 ml. One month later he was 
readmitted due to elevation in blood urea nitrogen and creatinine 
levels. Temperature was 38.2°. Physical examination revealed ar 
erythematous swollen incision, and the transplant wound was 
opened releasing a subcutaneous collection of purulent material. 
The infection did not appear to extend beneath the fascia. Cul- 
tures were obtained and he was started on appropriate anti- 
biotics. Serum creatinine was monitored daily and fell with the 
institution of appropriate antibiotic therapy. 


Comment. Elevated serum creatinine levels associ- 
ated with bacterial infection may be due to one or a 
combination of many factors. First, as febrile patients 
require increased fluids, dehydration alone may be 
responsible. In addition when the cause of the fever 
is tonsillitis, oral intake may be limited because o? 
the pain associated with swallowing. In some cases, 
elevated creatinine may also be due to deposition of 
antigen-antibody complexes in the kidney,!? either 
specifically? or nonspecifically. Creatinine elevations 
in these patients were usually not severe (<100%) and 
tended not to increase with time. Creatinine elevation 
has also been associated with bacterial infection in 
the nontransplanted kidney (e.g. gram negative sepsis). 

All patients responded to treatment of their infec- 
tion and none required treatment for rejection. Eleva- 
tions of creatinine in the febrile transplant recipient 
are frequently presumed to be due to viruses (see 
below).11-1650-% Vira] infections, especially cytomegalo- 
virus infections, have been associated with histologi- 
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cally proven rejection of the transplant requiring 
anti-rejection treatment. As anti-rejection treatment 
(high dose steroids) is hazardous in a patient with 
bacterial infection, when a patient presents with 
elevated serum creatinine associated with fever, it is 
important that a bacterial pathogenesis be ruled out 
before attributing the etiology to a virus. 

Viral infections. Serum creatinine level was fre- 
quently elevated in association with viral infection. 
This occured in two patterns. In the first, occuring 
23 times, patients presented clinically with symptoms 
of gastroenteritis. In these patients, serum creatinine 
returned to normal with replacement of fluids. 

The second pattern of presentation was a triad of 
fever, leukopenia and elevated serum creatinine level 
in the early posttransplant period. In these patients, 
renogram showed normal uptake but delayed excre- 
tion. Routine virological studies, started in 1972, 
showed that this syndrome was related to infection 


from either endogenous or exogenous sources with ' 


cytomegalovirus (CMV).*? Since its recognition, this 
syndrome has been observed 51 times. In our early 
experience these patients were all treated for rejection. 
The majority responded well; however, 8 died due to 
systemic viral infection. 

Review of these patients showed two distinct groups, 
both having the same initial presentation of fever, 
leukopenia and elevated creatinine.?^9* At the time of 
admission, the two groups could only be distinguished 
by renal biopsy. 

The first group, on renal biopsy, had typical his- 
tologic evidence of rejection; these patients all de- 
veloped a normal antibody response to the virus, 
responded to anti-rejection therapy, and recovered.?! 
The second group was characterized by no histologic 
evidence of rejection in the biopsy specimen and by 
a decreased or absent antibody response to the virus. 
In our early experience, all patients in the second 
group died due to disseminated sepsis following 
anti-rejection therapy. Our retrospective impression 
was that the courses of antirejection therapy con- 
tributed to the septic deaths in these patients. 

Seroconversion to CMV does not occur until 3 
to 6 weeks following the onset of symptoms and 
therefore cannot be utilized to make the diagnosis. 
Similarly growth of the virus in cultures requires 
prolonged periods. Thus the diagnosis of CMV in- 
fections in the transplant patient must be a clinical 
one and the clinical picture has been described in 
detail elsewhere.?^9? As all patients initially present 
with a similar clinical picture, it is imperative to 
determine which patients to treat for rejection and 
which patients not to treat. Currentlv, this is deter- 
mined by percutaneous biopsy of the allograft. When 
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a suspected rejection episode is associated with fever, 
biopsy is performed and therapy is not instituted 
until the histology is known. If the biopsy shows 
histologic evidence of rejection, anti-rejection therapy 
is started. If there is not histologic evidence of rejec- 
tion, .no therapy is instituted despite the elevated 
creatinine. Since the initiation of the use of percu- 
taneous biopsy to determine which patients to treat, a 
number of patients with viral infections have been 
spared anti-rejection therapy. 

Thus, in patients presenting with elevated creatinine 
associated with fever, two major diagnostic decisions 
have to be made. The first is whether there is an 
infection, its etiology and source. Most importantly, 
a bacterial pathogenesis must be ruled out. Bacterial, 
viral, and fungal cultures of throat, sputum, blood, 
and urine must be obtained. If renal function con- 
tinues to deteriorate and viral infection is sus- 
pected, it is necessary to decide whether or not to 
give a course of anti-rejection therapy. Currently, 
we utilize the histologic evidence of rejection to deter- 
mine whether to treat the patient or not; if there is 
no evidence of rejection we do not treat. We do not 
hesitate to re-biopsy if the clinical situation changes. 


Lymphocele 


Three patients had elevated serum creatinine in 
association with perirenal collections of lymph.?” Ex- 
cretion of J ortho-hippurate renogram was delayed 
in all three. One of the patients was treated with rejec- 
tion therapy before the correct diagnosis was made. 
Following diagnosis of the lymphocele, treatment con- 
sisted of surgical drainage in all patients; in one of the 
three, the lymphocele reaccumulated requiring a 
second surgical procedure. 

Lymphoceles have been reported to occur in 0.6-- 1896 
of renal transplant recipients .9172730~52.52,59,80.87,97,107 
The origin of the fluid is felt to be due to leakage of 
lymph from recipient lymphatic channels??? as a 
result of division of retroperitoneal lymphatics in 
preparation of the vessels for transplantatiqn. Such 
leakage can be easily demonstrated by lower ex- 
tremity lymphangiogram. Less often the leakage has 
been attributed to severed donor kidney lymphatics. 
It has been shown that rejection episodes result in 
a 19-fold increase in lymphatic flow in allografted 
sheep kidneys.7* Diuretics 2*79/728595 ureteral obstruc- 
tion?" and large doses of steroids have also been 
shown to increase renal lymphatic flow and may thus 
contribute to lymphocele development. Prevention 
consists of ligation of all severed recipient lymphatics " 
and care in removal of the donor kidney with ligation 
of severed pericapsular and hilar lymphatics. 
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Once developed, lymphoceles may interfere with 
renal function by pressure on the ureters, bladder, 
kidney, or vessels, 917:27:30—32,39,52,59,62,80,87,97,107 Lympho- 
celes are a well documented cause of pseudorejec- 
tion®-27-30.31.39,59,80,87,107 and in addition may mimic uri- 
nary extravasation, pyelonephritis, or thrombophlebi- 
tis. In the Mayo Clinic series, the most consistent 
finding in patients with lymphoceles was an elevated 
serum creatinine. Schweizer et al. similarly reported 
impaired renal function in all of their patients with 
lymphoceles; 6 of the 9 were originally admitted to 
the hospital for evaluation of elevated serum cre- 
atinine level.?" ; 

Nonpitting edema over and surrounding the allograft 
area, ipsilateral leg edema and symptoms of the pelvic 
mass suggest the diagnosis, which can be confirmed by 
intravenous pyelography showing ureteral displace- 
ment or dilation and bladder deformity, and lym- 
phangiogram showing extravasation of contrast mate- 
rial into a cystic cavity. Ultrasonography may also 
be useful in making the diagnosis. 


Arterial Complications 


Arterial complications accounted for four instances 
of elevated creatinine in our population. Three of these 
patients were treated for rejection and showed a fall 
in creatinine. Biopsy subsequently showed no evidence 
of rejection. 


Case 4. A 20-year-old male with renal failure due to chronic 
glomerulonephritis received a transplant from his brother. He 
required dialysis for the first postoperative week and serum 
creatinine levels gradually fell. Hypertension was present imme- 
diately posttransplant and he remained hypertensive during his 
entire course despite treatment with alpha-methyldopa, diazide, 
and hydralazine. Four weeks after transplantation, typical rejec- 
tion episodes were diagnosed and treated at approximately two 
week intervals. Each episode responded to treatment with a fall 
in serum creatinine. Because of persistent hypertension he ulti- 
mately underwent angiography which revealed arterial stenosis at 
the anastomotic site. He was re-explored; kidney biopsy revealed 
no histologic evidence of rejection. Repair of his arterial anastomosis 
was followed by return of blood pressure and renal function to 
normal. No.antihypertensives are currently required four years 
later. 


Comment. Simmons in 1970 first reported elevation 
in serum creatinine level in association with renal 
artery stenosis? and since that time other cases have 


been reported in the literature.*:19-2-49-48.86.93 A similar. 


phenomenon has been reported in the nontransplanted 
patient.5-5-64.56.68.78.89 The probable mechanism of ele- 
vated serum creatinine in these patients is renal 
Ischemia,distal to the stenosis. The mechanism by 
which anti-rejection therapy temporarily lowers serum 
creatinine levels is unclear. Prednisone, used in this 
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institution for rejection treatment, has a mineralo- 
corticoid effect and may increase intravascular vol- 
ume. This may result in increased blood flow to the 
kidney and thus decreased renal ischemia. 

The incidence and pathogenesis of post-transplant 
renal artery stenosis is unknown as no one has rou- 
tinely utilized arteriography posttransplant. Incidences 


. from 4.2- 12.496 have been reported*94255 when only 


symptomatic patients were studied by angiography. 
Recently Lacombe reported routine angiography 
studies on 100 consecutive transplant recipients; 
23 showed evidence of renal artery stenosis. However 
he did not state how many of these patients had 
symptoms, deteriorating renal function, or hyperten- 
sion. There are a number of possible explanations for 
the pathogenesis and each may play a role in some 
cases: a) trauma to either the donor or recipient 
artery during dissection or anastomosis; b) the anas- 
tomosis itself may be poorly done; c) both donór and 
recipient arteries may have atheromatous plaques 
which interfere with blood flood; d) stenosis may be 
due to an immune reaction against the donor artery 
resulting in subintimal fibrosis and intimal prolifera- 
tion; e) disturbed hemodynamics and/or turbulent 
flow may be responsible. 

Unmanageable hypertension following transplanta- 
tion usually suggests the diagnosis. However, when 
stenosis is associated with elevated serum creatinine 
with or without hypertension, its diagnosis is diffi- 
cult as rejection episodes alone are frequently asso- 
ciated with hypertension. Smellie® suggested that sig- 
nificant stenosis did not exist unless there was an 
audible bruit over the transplant, but bruits are com- 
mon over transplants.?19?^? Sudden, late development 
of a bruit or change in character of an existing bruit 
may be more important.!? Diagnosis is made by angi- 
ography, and again a high index of suspicion is re- 
quired. Although angiography is an invasive test, the 
excellent results, both for correction of hyperten- 
sion and improvement in renal function, attained by 
surgical correction of the stenosis justify its use. 


Recurrence of Original Disease 


The possibility of recurrence of the original disease, 
especially where immunologically mediated or due to 
deposition of proteins or antigen-antibody-complement 
complexes in the kidney, has been a major concern 
of those caring for the transplant recipient. Glomer- 
ulonephritis recurred in many of the original trans- 
plants;?»5959 identical twins were donors and thus 
lesions were not attributable to rejection. Recurrent 
disease usually must be considered in the differential 
diagnosis of chronic rather than acute rejection. How- 
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ever, aS some recurrences have occurred early in the 
posttransplant course we have included this entity in 
our review. We have encountered three cases of re- 
currence of focal glomerulosclerosis and one possible 
case of recurrent membranoproliferative glomerulo- 
nephritis during the time period studied. 


Case 5. This patient was diagnosed as having the nephrotic 
syndrome at age three and despite intermittent treatment with 
prednisone and cyclophosphamide, he developed renal failure 
requiring dialysis. At age 8, he received a renal transplant 
from his mother. Postoperatively he developed massive proteinuria, 
hypoproteinemia, and a bleeding diathesis. Repeated elevations in 
serum creatinine initially responded to increased steroid medica- 
tion, but renal failure developed within 6 weeks and the allo- 
graft was removed. On histologic examination, the graft was 
necrotic and was infiltrated with eosinophils. 

Ten months later he received a second transplant from a 
cadaver donor. Three weeks following discharge, he was read- 
mitted with elevated serum creatinine level (2.4 mg/100 ml) and 
delayed excretion on renogram. Twenty-four hour urinary collec- 


tion contained 8 gm protein. Open renal biopsy revealed inter- ` 


stitial nephritis and eosinophils in larger numbers. He was treated 
with antirejection therapy and creatinine fell. Two subsequent 
rejection episodes responded to antirejection therapy. However, 
the kidney gradually failed and he received a third transplant 
with the second still in place. There has been no evidence of 
recurrent disease in the third transplant. 


Comment. The recurrence of both focal glomerulo- 
sclerosis!?297958 and membranoproliferative glomerulo- 
nephritis?:155758:195 have been reported. Recurrence of 
either may result in elevations in serum creatinine 
level. Although focal glomerulosclerosis may be con- 
fused with rejection, the early onset of proteinuria 
post-transplant and the histologic findings on renal 
biopsy suggest the diagnosis. However, patients with 
recurrent disease can simultaneously also have rejec- 
tion and a major problem in whether to treat an ele- 
vated creatinine level in a patient with suspected or 
even biopsy-proven recurrence. In our cases serum 
creatinine fell in response to antirejection therapy; thus 
increased steroid dosage may be indicated for elevated 
serum creatinine elevations due to recurrence of the 
primary disease. l 

Whether membranoproliferative glomerulonephritis 
truly recurs in a transplanted kidney is more contro- 
versial. Most institutions, including our own, have 
demonstrated histological recurrence.71557-58-105 How* 
ever, the lesions of membranoproliferative glomerulo- 
nephritis resemble those of chronic rejection. Typi- 
cally, the patient’s allograft is biopsied when it is 
likely that the changes of chronic rejection would be 
present. We have seen identical histologic lesions in 
transplanted kidneys from recipients whose primary 
disease was dysplasia of the kidneys, polycystic kid- 
neys or diabetes. However, immunofluorescent and 
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electron microscopic studies have recently allowed a 
more detailed description of glomerular lesions. Use 
of these tools has provided strong evidence that mem- 
branoproliferative glomerulonephritis recurs after 
renal transplantation.7-5-27:57-58.105 Similar evidence 
suggests that immune-complex induced glomerulo- 
nephritis and anti-glomerular basement membrane 
glomerulonephritis can recur after transplanta- 
tion.81:88,94,105 

Recurrence of the original disease in a transplanted 
kidney has been reported in patients with end-stage 
renal failure due to certain metabolic diseases. 
Twenty-one patients with renal failure secondary to 
amyloidosis have received transplants. Only one has 
biopsy evidence of amyloid in the transplanted kidney. 
This patient, however, continues to have adequate 
renal function. Cystine crystals have been demon- 
strated to recur in the transplanted kidneys in pa- 
tients transplanted for renal failure due to cystinosis,*! 
and the weight of the kidneys has been shown to in- 
crease with time." However, in most patients disposi- 
tion of cystine crystals has not followed the pattern 
seen in the primary disease. In the original kidneys, 
cystine crystals are first seen in proximal tubule 
epithelial cells and later in the glomerulus. In the allo- 
grafts, crystals have been observed in mesangial cells 
but not in tubular epithelial cells.?! Cystine deposits 
in the transplanted kidneys may thus be a result of re- 
jection. A total of 24 patients with cystinosis have now 
been reported to the ACS/NIH registry without recur- 
rent renal failure due to the primary disease.! One 
patient with the idiopathic Fanconi syndrome has had 
recurrence of the renal abnormalities (renal acidifica- 
tion defect, glycosuria, aminoaciduria) following trans- 
plantation." 

Recurrence of renal failure has been reported in al- 
most all patients transplanted for primary hyperoxa- 
luria.5*-6-85 This disease, due to a disorder of glyoxalate 
metabolism, is characterized by recurrent calcium oxa- 
late nephrolithiasis and death from renal failure. Diag- 
nosis is frequently not made until the development of 
renal failure, and even with early diagnosis, there is no 
clear medical therapy. In the early attempts at trans- 
plantation, renal failure rapidly recurred secondary to 
oxalate deposits in the graft. Biopsies as early as 17 
days posttransplant showed scattered oxalate crystals 
and at 30 days large amounts of oxalate were demon- 
strated. However, oxalate accumulation occurs 
preferentially in damaged tissues;**-!°6 thus, it may be 
that tissue damage served as an initiation of oxalate 
deposition. The longest kidney survival following, 
transplantation into a patient with primary Hyperoxa- 
luria has been 24 months.9? One patient has lived 33 
months with three successive transplants.*? Currently 
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attempts are being made to prevent oxalate deposition 
both in the patient's own kidneys, and in the allograft 
posttransplantation. For example, pyridoxine hydro- 
chloride reduces oxalate excretion and methylene blue 
prevents crystalization of oxalate in the urine despite 
high excretion rates. 

Recurrent disease especially due to metabolic dis- 
ease only rarely presents with a sudden significant 
elevation in serum creatinine level and thus is usually 
not confused with rejection. In addition, with the ex- 
ception of steroid resistant nephrotic syndrome, 
recurrent disease is not usually associated with renal 
failure in the early postoperative course when acute 
rejection episodes are most frequent. However, in a 
transplant recipient with any of the above primary 
diseases, recurrent disease should be included in 
differential diagnosis of an elevated creatinine level. 


Discussion 


In this paper we have defined and reviewed specific 
posttransplant complications that may result in eleva- 
ttons of serum creatinine levels and lead to the tentative 
diagnosis of rejection. We have stressed that a high 
index of suspicion is frequently necessary in order to 
make the correct diagnosis. A number of clinical 
patterns have been useful in raising our suspicions: 
a) unusual timing of a rejection episode; b) day-to-day 
fluctuations (20.5 mg/100 ml) in serum creatinine 
levels; c) unusual response to antirejection therapy — 
either too rapid a fall in creatinine level, no fall in 
creatinine level, or a fall followed by a rapid rise. 

We limited our discussion to problems occuring most 
frequently after discharge. Serum creatinine elevations 
in the early postoperative period in our institution are 
rarely due to rejection episodes. At the University of 
Minnesota all patients receive antilymphocyte globulin 
(ALG) prepared against cultured lymphoblasts. With 
the use of ALG, only 1496 cadaver kidney recipients 
have a rejection episode within the first 30 days follow- 
ing transplantation." Serum creatinine elevations 
during this time period are most frequently due to acute 
tubular necrosis (ATN) or technical complications. We 
manage the patient with presumed ATN by hemo- 
dialysis and a reduction in the daily dose of azathio- 
prine.?* If there is no diuresis or fall in creatinine level 
in 10-20 days, the allograft is biopsied. Patients with 
technical complications during this time period usually 
have signs and symptoms related to the complications, 
and diagnosis is usually not difficult. Other institutions 
.not using ALG report a higher incidence of early acute 
rejectiort and the differential diagnosis of rejection 
versus pseudorejection will have to be made earlier. 

In addition, the factors which affect function of the 
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nontransplanted kidney will also affect the transplanted 
kidney. Pre-renal failure, gram negative sepsis or 
nephrotoxic antibiotics can all effect the allograft. 
Renal shutdown (ATN) has been reported following 
drip infusion excretory urography*’ and we have seen 
two cases of ATN following “I ortho-hippurate 
renogram. These factors are all usually evident at the 
time of creatinine elevation and the primary problem 
should be recognized and treated appropriately. 

In summary, a number of factors which can result in 
elevations in serum creatinine levels have been re- 
viewed. Serum creatinine elevation due to any one of 
these may suggest the diagnosis of rejection. In some 
of our patients, an increasing daily intake of oral 
prednisone was associated with a temporary fall in 
serum creatinine levels. In order to avoid the morbidity 
and mortality associated with high dose steroids it is 
necessary to be aware of and to have a high index of 
suspicion of the differential diagnosis of elevated serum 
creatinine levels in the transplant recipient. 
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Intravenous Amino Acids as the Sole Nutritional Substrate 


Utilization and Metabolism in Fasting Normal Human Subjects 


DAVID E. F. TWEEDLE, Ch.M., GARRY F. FITZPATRICK, M.D., MURRAY F. BRENNAN, M.B.Ch.B., 
JESUS M. CULEBRAS, M.D., BRUCE M. WOLFE, M.D., MARGARET R. BALL, A.B., FRANCIS D: MOORE, M.D. 


The fasting normal human volunteer subject provides an ideal 
experimental setting for the initial investigation of foodstuffs 
whose use is proposed for the acutely ill surgical patient. 
In the normal human subject many variables can be con- 
trolled; the achievement of an ideal body fuel economy is 
quite simple; if a favorable utilization of injected foodstuffs 
cannot be achieved in this setting, it is unlikely, and remains to 
be proven, that utilization will be satisfactory under the 
challenges of acute surgical trauma. In this experimental 
model, employing four normal human volunteer subjects, 
nutrition has been provided by the intravenous infusion of 
isotonic amino acids (FreAmine® ID at a 3.4% con- 
centration. No other source of calories or nutrients was 
provided. In this setting, utilization was very poor; the 
subjects were in negative nitrogen balance throughout. The 
nitrogen excretion was significantly greater than the total 
of infused nitrogen. The changes in protein, fat and carbo- 
hydrate intermediates, as well as the alteration in hormone 
concentrations, suggest the following endocrine governance 
of fuel economy in this setting: a sharp rise in glucagon 
with maintenance of insulin concentration; rapid gluconeo- 
genesis at the expense of both injected and endogenous amino 
acids; a progressive ketosis without any associated improve- 
ment in protein economy; fat oxidation to meet caloric need. 
The changes in plasma amino acid concentrations are of out- 
standing interest. They demonstrate changes appropriate to 
the infusion gradient with the exception of three amino 
acids whose concentrations did not respond to high infusate 
levels (serine, lysine, and alanine); likewise, by the fact that 
methionine rose remarkably though present in only low con- 
centrations in the infusion. These data, taken with other 
information reported in the literature, as well as continuing 
studies in these laboratories, strongly suggest that the utiliza- 
tion of infused amino acids for protein synthesis is favored 
by the provision of an additional caloric source such as glucose. 


S AN INCREASING variety of nitrogen-contain- 
ing compounds and protein precursors become 
available for intravenous infusion in starving patients, 
their evaluation becomes critically important. Wide- 
spread use of intravenous nutriments must be con- 
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sidered within the framework of their synthetic utiliza- 
tion and metabolic effectiveness, as balanced against 
costs, either fiscal or clinical. 

The metabolic settings of trauma, sepsis, or complex 
illness, and the concomitant administraion of other. 
foodstuffs renders interpretation difficult. 

Solutions of crystalline amino acids are now available 
in several different molar mixtures. It is appropriate to 
document the metabolic fate of one such solution, 
employing it without any other substrate, and in the 
absence of trauma or acute illness. Its effect on the 
plasma amino acid pattern, as well as its general 
metabolism and endocrine reception, should be investi- 
gated. 

In studies previously reported from this laboratory, 
we have described a metabolic model that is very useful 
for such studies. This is the fasting normal human 
volunteer subject fed intravenously. After preliminary 
diet stabilization, the subject is given nothing but water 
by moüth over a period of 8—14 days. He is pro- 
vided intravenously with the nutrient under study. With 
water by mouth and normal ward activity, the subjects 
experience little discomfort or hunger. Appropriate 
study of the blood and urine provides an accurate 
demonstration of the metabolic utilization of the 
feedings, the interaction between substrates, the.effect 
of the exogenous mixture on metabolism of the 
patient's body stores of protein, fat, and carbohydrate 
and the influence of the nutrient combination on the 
patient's hormonal response and plasma amino acid 
pattern. 

Initially, using this model, it was shown that glucose. 
by vein demonstrated a progressive and linear improve- 
ment in protein economy (‘‘protein sparing’’) that went 
far beyond the initial quantum described by Gamble? 
and was quantitatively related to the weight of glucose 


Vol. 186 e No. 1 


provided.^ Finally, a ‘‘nitrogen floor" was reached, 
eivdently a basal urine nitrogen excretion not readily 
reduced further. There was a brisk and remarkable 
decrease in the draft on native lean tissue proteins, 
largely muscle. Glucose concentrations in the blood 
were normalized; there was an appropriate increase in 
insulin concentration with a reduction in glucagon 
activity, diminished mobilization of free fatty acids, 
and a reduction in blood urea nitrogen to 3-5 mg/dl. 
Total urinary nitrogen loss was reduced to 1.5-1.7 
gm/M?*/day. A remarkable feature of this demonstration 
was a sharp rise in alanine concentration at the 
highest levels of glucose administration, interpreted as 
a result of sharp reduction in glucagon secretion. The 
normally circulating alanine was not consumed for 
gluconeogensis when adequate glucose was provided. 

This model has now been used for a number of other 
related studies, including the recent report that the 
protein-sparing effect of an intravenous fat emulsion 
could be reproduced by providing an equivalent 
amount of available glycerol intravenously as the sole 
substrate. At no point in these studies have we 
observed any evidence to suggest that a state of 
ketosis favors protein economy, although this has been 
suggested, 91927 

The fasting normal human volunteer subject thus pro- 
vides an ideal setting for the study of the metabolic 
fate of amino acids given intravenously in the 
absence of any other nutritional substrate that might 
be used in the bodily economy of protein, fat, or 
carbohydrate. It is the purpose of this paper to report 
such studies carried out in four normal human volun- 
teer subjects, and to address three specific questions: 
What is the effect of peripherally infused amino 
acids on the nitrogen economy? What is their effect on 
specific concentrations of amino acids in the blood? 
Does this setting provide any evidence to support the 
concept that progressive ketosis, associated with 
amino acid infusion, favors protein economy in man? 

Although these subjects—normal young men— 
were neither starving nor traumatized, basal data of 
this type should provide important information against 
which similar observations can be made in trauma, 
starvation, and complex illness. Normal subjects are 
very readily maintained in zero nitrogen balance; if 
an intravenous program is incapable of accomplishing 
this in the fasting normal, it is unlikely that it will 
be effective under the conditions of stress. 


Methods 
Subjects, 


Four male subjects, age 20 to 35 years, were inter- 
viewed, examined, and screened by electrocardio- 
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graphic, radiographic, hematologic, and biochemical 
investigations to ensure that they were free of disease. 
The nature of the experiment was explained to them as 
well as the fact that, although unlikely, they might 
experience mild hunger senstations and that they 
would receive intravenous infusions and undergo blood 
sampling.* It was explained that they could withdraw 
from the study if they so wished. One of these sub- 
jects (S.B.) was about 2596 overweight, for his height. 


Nutritional Intake 


Subjects were given a measured oral intake at their 
habitual level, for two days prior to the study infusions, 
to ensure stability and nutritional repletion. During 
the 8-day period of study, they were infused via a 
peripheral vein with a 3.496 solution of amino acids 
(FreAmine® IT) delivered throughout the 24 hours at a 
constant rate (125 ml per hour) by an infusion pump 
(IMED Corp.). This solution was prepared under 
sterile laminar flow conditions by diluting 400 ml of 
commercial solution (8.5% FreAmine® II, McGaw 
Labs., California) with 600 ml of distilled water, 
adding extra sodium and potassium chloride. Ten 
consecutive 1-liter bags of this solution were analyzed 
by macro-Kjeldahl technique. As shown in Table 1, 
they were found to contain 4.5 + 0.2 (S.D.) gm of 
nitrogen per liter, 30.8 gm of amino acids.[ The os- 
molality of 3.4% FreAmine® II with electrolytes 
added is 408 mO/I. 

Each subject received 2.0 liters of this solution on the 
first day of the intravenous portion of the study, and 
3.0 liters on subsequent days. Water-soluble vitamins 
(2 ml Berocca C.®, Roche Labs.) and trace metals 
(2 mg Zn, 0.4 mg Cu, 0.2 mg Mn and 0.06 mg I) were 
given daily. Fat-soluble vitamins (5 ml Multivitamin 
infusion®, U.S.V. Pharm. Corp.) were given weekly. 
Distilled water was permitted by mouth, ad libitum. 


Collection and Analysis of Samples 


Each study day commenced at 8 a.m. All urine was 
collected in acid and stored at —20? until analyzed. 
Analyses for urea, creatinine, and uric acid were car- 
ried out by the AutoAnalyzer (Technicon, Tarrytown, 
New York) utilizing a modification of the carbamido 





* These precautions and the informed consent procedure were 
reviewed and approved by the Committee on Human Subjects 
of the Peter Bent Brigham Hospital. 

t The reason for this discrepancy (i.e., 3.4% FreAmine® II 
is actually 3.08% amino acids) related to the fact that 8.5% 
FreAmine® II is made by the solution of 85 gm of FreAmine® II 
powder, in water. Some ash and phosphate salt are included in 
this weighing procedure. As noted in the table, the label claim 
and the analytic data for individual amino acids agree within 
satisfactory limits. 
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diacetyl reaction, the alkaline picrate (Jaffe) reaction 
and the phosphotungstic acid reactions, respectively. 
Ammonia was analyzed using an ammonia electrode 
(Orion Research Inc., Model 95-10). 

Venous blood samples were obtained at 8 a.m. after 
an overnight fast. Plasma glucose was determined by 
the Hoffman reaction and blood urea nitrogen on the 
AutoAnalyzer: Serum free fatty acids (FFA) were 
measured by a single extraction method.” Serum tri- 
glycerides (TG), aceto-acetate, and beta-hydroxy- 
butyrate (blood ketones) were analyzed by enzymatic 
methods. Whole blood alanine was determined by 
enzymatic analysis using alanine dehydrogenase.* 
Serum immunoreactive insulin ARD and human growth 
hormone (HGH) were measured by combined radioim- 
munoassay.? Plasma immunoreactive glucagon (IRG) 
was analyzed by radioimmunoassay using a 30k anti- 
body.?? Statistical significance of means was analyzed 
by Student’s ‘‘t’’ test; slopes by co-variance analysis. 

Amino acid analyses were carried out on plasma 


TABLE 1. Composition of the Infused Solution. (3.4% FreAmine® II) 


Data calculated 
from FreAmine® II 
manufacturer's label 


Data determined in 
these laboratories 


Amino Acids (mM/L) (mM/L) 

Isoleucine 18.0 16.7 
Leucine 23.5 22.2 
Lysine 17.0 18.0 
Methionine 12.1 11.0 
Phenylalanine 11.6 10.5 
Threonine 11.4 10.4 
Tryptophan 2.5 2.4" 
Valine 19.1 18.1 
Alanine 26.9 25.1 
Arginine 7.1 6.3 
Histidine 6.2 5.8 
Proline 33.0 36.0 
Serine 16.0 2 17.7 
Glycine 90.6 90.6 
Cysteine <0.7 None detectable 
Total 298.7 (33.0 grams) 288.4 (31.5 grams) 
Total nitrogen (gm/L) 5.0 (f = 6.67) 4.51 (f = 7.0) 
Electrolytes (mEq/L) 

NaCl — 30 

KCl — 30 

PO, 8 e 
Carbon:nitrogen ratio — 3.52/1 


* Tryptophan is not determined by the ion exchange chro- 
matographic technique used for the other amino acids. This figure 
was determined spectrophotometrically (Bailey, J. L., Techniques 
in Protein Chemistry. Elsevier. Amsterdam. 1967. pp. 342-343). 

f This value was determined by the Kjeldahl method. The 
multiplication factor (f) is shown, being the figure by which the total 
nitrogen is to be multiplied to yield the total weight of amino acids 
in the mixture. This is always slightly higher than the f for 
protein, because of the added weight of the water of hydration in 
amino acids. 


- Ann. Surg. e Iuly 1977 


PLASMA ALANINE 
BY 


AMINO ACID 
ANALYZER 
(44M /L) 


r: 0945 
p<C.00l 





9 100 200 300 400 500 600 


WHOLE BLOOD ALANINE 
BY ENZYMATIC METHOD 
(4 MA) 


Fic. 1. Comparison of blood alanine concentrations as measured 
in plasma by the amino acid analyzer, and in blood by the enzy- 
matic method. The whole blood values are slightly higher. The 
correlation is close and the relationship is linear. 


samples deproteinized with sulfosalicylic acid, using 
a Beckman 121 Automatic Amino Acid Analyzer.* 
Because many laboratories are equipped to carrv out 
the enzymatic alanine analysis, it was deemed impor- 
tant to run a comparative check of the enzymatic 
method with the amino acid analyzer results. These 
data are shown in Figure 1. The correlation is close; 
the slope does not intercept at zero because the en- 
zymatic method is based on whole blood whereas the 
amino acid analyzer results are based on plasma. 


Results 
Clinical 


No reactions or adverse side effects were noted. 
There was little experience of hunger; there was little 
colonic excretion of fecal matter after the first day; 
there were several minor vein reactions attributable to 
the infusion and observed at the infusion site. Clinical 
indices, such as blood counts, hematocrit, hemoglobin, 
and plasma electrolyte concentrations, as well as liver 
function tests, did not differ significantly on the eighth 
day from the control values. There was no change in 
acid base balance. 

All four subjects lost weight as shown in Table 2. 
There were no changes to suggest water loading or 
solute diuresis. The weight loss averaged 3.8 kg over 


* These analyses were performed by Mr. John Dfyer in the 
laboratory of Dr. Susan Leeman of the Department of Physiology 
of the Harvard Medical School by a modification of the methods 
originally described by Spackman, et al.?* 
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a 10-day period, most of it occurring in the last 8 days 
(the intravenous study period). The largest weight loss 
was observed in the most overweight subject (S.B.). 


Nitrogen Intake, Nitrogen Excretion, Nitrogen Bal- 
ance, and Urine Nitrogen Partition (Tables 3, 4, 5, 
Fig. 2) 


Prior to the start of the infusion period, on intakes of 
approximately 20 gm of nitrogen per day by mouth and 
a mixed diet, the subjects excreted approximately 
15-20 gm of nitrogen in the urine, and were in positive 
balance of a variable degree ranging from +3.8 to 
+7.8 gm per day. 

Following the first day of the infusion, and during 
the subsequent days, intakes were uniformly 13.5 gm 
of nitrogen daily. As shown in Table 3, this volume of 
FreAmine® II exceeds the so-called normal daily adult 
requirement for essential amino acids, by a factor of 
five-fold to 8-fold. The total nitrogen intake, recalcu- 
lated as protein, would be equivalent to approximately 
80 gm of high-grade protein; taken by mouth, this 


would easily maintain nitrogen balance in a normal 


subject. 

Urine nitrogen excretion was essentially constant 
throughout this period with no progressive change in 
any subject as shown in Table 4 and Figure 2. It 
ranged from 11.5—24.1 gm per day with a consistent 
negative nitrogen balance ranging from —0.4 to —10.6 
gm per day on 31 of the 32 study days with a mean nega- 
tive balanceranging from —3.5to —7.6 gm per day. The 
mean nitrogen loss for the four subjects was approxi- 
mately 6.0 g per day. The net total nitrogen loss 
for the 8 days for the four subjects was 30.9, 59.6, 
45.5, and 50.6 gm, respectively. These corresponded to 
a mean negative nitrogen balance of —77 mg/kg/day 
or —2.96 g/M?/day. 

Urine nitrogen partition showed a constant urea frac- 
tion at approximately 9096 of the total urine nitrogen; 
the remainder was accounted for by creatinine (3.7%), 
ammonia (7.9%),* and uric acid (1.0%), as shown in 
Table 5-and Figure 3. 


Blood Glucose, Urea Nitrogen, and Lipid Inter- 
mediates (Figs. 4 and 5) 


The plasma glucose concentration fell abruptly from 
approximately 92 mg/dl to approximately 83 mg/dl over 
the first few days and remained essentially unchanged 
throughout the last six days of the infusion. Parallel 


2x Although ammonia excretion never came to occupy a large 
fraction of total nitrogen, the absolute values for ammonia nitro- 
gen in the urine approximately doubled during the 8 days of infu- 
sion, from approximately 0.5 g/M%/day to approximately 1.0 
g/M?/day as indicated in Figure 3. 
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TABLE 2. Body Weight Changes 





Subiects (Kg) 








Day WF. A.C. A.B. S.B. X + SD 
Control 69.6 70.5 67.4 98.5 76.5 + 15 
Day 8 66.2 67.7 63.6 93.2 72.7 x14 
Weight loss 3.4 2.8 3.8 5.3 3.8 x 1.1 





with this fall in glucose, but beginning a little sooner, 
was a rise in blood urea nitrogen concentration. The 
blood urea nitrogen concentration achieved a constant 
level without significant change throughout the last six 
days of infusion. 

The serum free fatty acids (FFA) rose abruptly on the 
first day of the infusion and reached a peak on the 
next day, the concentration changing from a control - 
value of about 550 wEq/liter to approximately 1000 
pEd/liter. FFA remained between 800 and 1000 uEg/ 
liter throughout the rest of the infusion, without any 
progressive change. 

Serum triglycerides (TG) changed but little during the 
first two or three days of the infusion, then fell slightly, 
remaining at a concentration of about 130 mg/dl 
throughout the rest of the infusion, a value within the 
limits of normal. 

The ketones were the only blood components to 
show a progressive change throughout the entire period 
of study. Both ketones measured rose progressively. 
The levels of beta-hydroxybutyrate rose abruptly with 
the onset of the infusion from values near 100 to almost 
600 uM/l, continuously rising after that to a peak of 
1200 uM/i. The value for acetoacetate showed a simi- 


TABLE 3. Estimated Amino Acid Requirements for the Adult 
and the Amount Provided in This Study 


Factor by 
Amino Ácid which 3L 
Require- Require- Content of FreAmine? II 





ment ment FreAmine® II 3.496 

Essential (mg/kg/ (mg/76.5 3.4% exceeds the 

Amino Acid day)*  kg/day)t (gm/3L) requirement 
Leucine 16 1224 9.2 7.6x 
Isoleucine 12 918 7.1 7.7x 
Valine 14 1071 6.7 6.3x 
Lysine 12 918 74 8.Ix 
Threonine 8 612 4.1 6.7x 
Methioninet 10 765 5.4 7.1x 
Phenylalanine$ 16 1224 5.8 4.7x 
Tryptophan 3 230 1.6 6.8x 

(6.960 gm) 


* Recommended Daily Allowances, Food and Nutrition Board, 


National Academy of Sciences, 8th ed., 1974, p. 44. - 

t Mean weight of the four subjects in this study. 

t Part of the requirement for methionine can be replaced by 
cystine. 

§ Part of the requirement for phenylalanine can be replaced by 
tyrosine. 
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TABLE 4. Nitrogen Balance 























Balance 








Balance 
Urinary Total N* (gm) Balance (gm) (mg/Kg/d) (gm/M?/d) 

Day Intake WF AC AB SB X WF AC AB SB X X X 
-2 20.5-21.1 13.3 — 16.7 16.0 153 17.8 — 43.8 44.8 — +72 +2.7 
-1 20.8-21.1 163 113 15.8 20.7 16.0 74.8 — 4.7 40.1 — +47 +1.7 
+1 9.0 14.2 15.8 18.1 18.2 16.6 —5.2  -—68 -9.1 —9.2 -7.6 —100 —3.8 
+2 13.5 166 220 17.1 203 19.0 —3.1 —8.5 —-3.6 —6.8 —5.5 -72 —2.8 
+3 13.5 20.6 20.8 19.8 18.8 20.0 —7.1 -7.3 —6.3 -5.3: —6.5 —88 —3.4 
T4 13.5 16.5 22. 17.4 21.4 19.3 —3.0 -8.6 —3.9 -7.9 —5.9 —76 —2.9 
+5 13.5 17.5 21.7 18. 22.4 19.9 —40  —82  -—46 —8.9 —6.4 —83 —3.2 
+6 13.5 11.5 19.5 24.1 19.3 18.6 420  -60 -10.6 —5.8 —5.1 —68 —2.6 
+7 13.5 18.6 19.5 160 139 17.0 —5.i -6.0  -2.5 —0.4 -3.5 —50 —1.8 
+8 13.5 19.0 21.7 18.4 19.8 19.7 —5.5 —8.2 —4.9 —6.3 —6.2 —83 ~3.2 
Cumulative (last 8 days) —30.9 -59.6 —45.5 -50.6  —46.7 —620 —23.7 
Mean per day (last 8 days) —3.9 -7.5 -5.7 —6.3 —5.8 -T71.5 -2.96 


* Kjeldahl analysis. 


lar progressive rise. The total of these two ketones 
thus rose progressively from approximately 200 uM/ 
to almost 2000 uM/1 over the eight days of the infusion. 


Blood Hormone Concentrations (Table 6 and Fig. 6) 


The serum insulin (IRI) concentration for the three 
subjects having normal body habitus remained un- 
changed at low normal levels throughout the experi- 
ment. In the overweight subject, the insulin levels fell 
gradually from slightly elevated to normal levels.* 

By contrast, the plasma glucagon (IRG) concentra- 
tion rose abruptly in all four subjects, the rise being 
most spectacular in the three subjects with normal body 
habitus, a more gradual rise being observed in the over- 
weight subject. In all subjects, an elevated high plateau 
was maintained and the mean for the four shows a sig- 
nificantly elevated plateau value. 

The serum growth hormone (HGH) concentrations 
rose with the onset of the infusion from approximately 
0.5 ng/ml to approximately 1.5 ng/ml and remained 
there throughout the infusion with the single peak at 
approximately 2.25 ng/ml on the fourth infusion day. 


Amino Acid Concentrations 


In Table 7, the amino acids are arranged according to 
their chemical characteristics and essentiality. Their 
concentrations in 8.5% FreAmine® II are arranged 
according to whether they are at low concentration 


* Insulin levels are somewhat elevated in many obese subjects 
(Felig, P., Marliss, E., Cahill, G. F., Jr.: Plasma Amino Acid 
el.evels and Insulin Secretion in Obesity. New Eng. J. Med. 281: 
811, 1969); insulin and glucose assays presented here show lower 
figures than those presented as preliminary data in a Surgical 
“Forum” article (Tweedle, D. E. F., et al., Surgical Forum 24:32, 
1975). The data tabulated herein have been corrected for inter- 
ference factors and a new slightly lower calibrating standard. 





(i.e., less than 10 mM/D, at mid-concentration (10—20 
mM/D, or at high concentration (over 20 mM/l). 

In Table 8 are shown the normal values for venous 
plasma concentrations observed in human subjects and 
reported. in the literature, as based on seven re- 
ports. 15:14,20:26,27,31 In these reports the conditions of the 
fast or control situation are not always identical, but 
data have been used that are based on an overnight fast 
similar to the experimental circumstances of our work. 
It is evident that, although methods vary between 
laboratories, the ranges are not excessive.and the mean 
values for plasma amino acid concentrations in human 
subjects after an overnight fast show consistent and 
valuable normal ranges. In Table 9 are shown the con- 
trol values in our four subjects after their overnight 
fast and prior to the beginning of the infusion. Like- 
wise, are shown the mean for these four values, and 
the relationship of this mean to the literature as dis- - 
played in the prior table. It is evident that most of. our 
subjects showed a value higher than in the literature, 
with a ratio from 1.11 to 1.90 for most amino acids. 
It is not clear why our subjects showed higher control - 
amino acid values, but this could be related to a rich 
protein meal the night before. s 

In Tables 10 and 11 are shown the plasma amino acid 
concentrations in these four subjects on the fourth day 
of the infusion and on the eighth day. In each instance, 


TABLE 5. Urine Nitrogen Fractions. 8-Day Means (Approximate 
26 of Total Urinary Nitrogen) 








WF AC AB SB X . 





Urea nitrogen 8796 88% 93% 89% , 89.200. 
Creatinine nitrogen 496 396 170 — 3% 2:8. 
Uric acid nitrogen 0.6% 0.7% 0.7% 0.7% 0.7% ^ 
Ammonia nitrogen 9% 8% 6% . 8% 


7.896 ^ 
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Fic. 2. Nitrogen intake and urinary nitrogen excretion in subjects 
- receiving amino acid infusions without other nutritional substrate. 


This chart demonstrates the degree to which the urinary total- 


nitrogen exceeds the intake in each subject during the infusion 
‘days. 


the absolute concentration is shown in u.M/l as well as 

the relationship of that value to the control value for 

that individual subject. It is apparent that some amino 

acid concentrations remained unchanged or fell during 
. the infusion, whereas others rose. 

During the brisk intravenous infusion of any sub- 
stance, changes observed in the plasma concentration 
must be regarded as the net result of at least three 
vectors: the infusion gradient (i.e., the relative concen- 
tration in the infusate times its rate of infusion), 
utilization-metabolism, and excretion. 
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“cS.Fig. 3..Urinary nitrogen’ components. It is evident that the 


- Control 


A fractional representation of urinary nitrogen components undergoes 
," véry little change, save for an increase in ammonia. The majority 
of nitrogen is present as urea: 
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Substrate Responses 





BLOOD 20 
UREA 
NITROGEN 
mg X 
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*P« 0.01 (vs control) Days 1-8 


Fic. 4. Plasma concentration of glucose, and blood concentra- 
tion of urea nitrogen and alanine. 


In Table 12 is shown a summary indicating the direc- 
tion of change in plasma concentration relative to the 
"infusion gradient," that is, the comparative molar 


Substrate Responses 
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ws 0.05 (vs control) Days 1-8 
* P<0.0) (vs control) Days1-8 


Fic. 5. Changes in blood ketones, serum triglycerides, and free 
fatty acids. : 


66 TWEEDLE AND OTHERS 


Ann. Surg. July 1977 


TABLE 6. Blood Insulin and Glucagon Concentrations 





Immunoreactive Insulin (RD (U/ml) 








Immunoreactive Glucagon (IRG) (pg/ml) 








Day AB SB AC WF Š + SD AB SB AC WF Š + SD 
Control 
-3 — 22 = — 22 23 110 — — 66-+ 61 
-2 10 12 6 8 9+3 28 97 13 17 39 + 39 
-1 11 18 5 7 10+ § 32 112 18 0 41 + 49 
Study 
i 7 12 7 7 8+3 55 112 137 70 2 +38 
2 8 7 4 7 6+2 87 150 99 85 105 + 30 
3 5 10 4 5 6+3 115 125 75 95 102 + 22 
4 6 6 3 8 6-2 63 105 71 98 84 + 20 
5 4 7 4 7 6+2 90 140 90 100 105 + 24 
6 8 10 4 4 7+3 32 140 90 98 90 + 44 
7 5 8 5 ‘5 6-1 113 95 92 60 9G + 22 
8 9 9 3 — 743 122 90 77 45 82 + 32 





concentration of the amiino acid in the infusate. These 
are arranged in two categories as follows: 

1. Plasma amino acid concentration changes appro- 
priate to the infusion gradient. In this group are 
those amino acids whose plasma concentration was 
unchanged or fell, while they were absent or in low 
molar concentration in the infusate. These, that fell 
or remained unchanged appropriately, were citrulline, 
ornithine; aspartic acid and tryosine (all four of which 
are absent from FreAmine® ÍD, arginine and histidine 
(found in low concentration in the infusion mixture). 


Hormonal Responses x £ SEM. 
24 
120 : 
PLASMA 80 
GLUCAGON 
pg/ml 40 
0 


SERUM 
INSULIN 
1 U/ml 


SERUM 
GROWTH 
HORMONE 

mj g /ml 


Controls ! 2 3 4 5 6 ? 8 
INFUSION DAYS 


Fic, 6. Changes in the plasma concentration of glucagon and 
serum concentrations of insulin and growth hormone. 














Likewise appropriate to the infusion gradient were 
those amino acids whose plasma concentrations rose 
considerably (two-fold or three-fold), while they were 
present in medium or high molar concentrations in the 
infusate. These included two that rose about two-fold 
with concentrations high in the infusate, proline and 
glycine. Likewise, there were three amino acids (the 
branched-chain amino acids) whose concentration rose 
more than two-fold, and were in medium or high con- 
centrations in the infusate (valine, isoleucine, and 
leucine). 

2; Changes inappropriate to the gradient. In this 
group are those amino acids whose plasma concentra- 
tions remained unchanged despite the fact that they 
were at médium or high concentration in the infusate. 
These included serine, lysine, and threonine. 

Alanine was remarkable in that its concentration 
rose slightly at first, but then fell gradually, although 
present at very high concentrations in tlie infusate. 
It is clear that the alanine concentration showed an 
initial small rise appropriate to the infusion gradient, 
but then as other mechanisms took over, it gradually 
fell to the lower level observed from the fourth to the 
eighth day. 

In the ‘inappropriate’? group are also included 
those amino acids whose concentration rose signifi- 
cantly despite tlie fact that those amino acids were 
at mid concentration in the infusate. This change oc- 
curréd both with phenylalanine and methionine, whose 
concentrations are 10.5 and 11.0 niM/I in the infusion 
mixture and whose plasma concentration rose during 
the infusion. In the case of methionine, this seemingly 
anomalous rise may be traceable to selective accumu- 
lation of the d-form in the bloodstream; methionine is 
the only amino acid present in this infusion mixture, . 
in the dl or racemic form. s 

The analytic method employed does not provide data 
on glutamine or glutamic acid. These substances are 
likewise absent from FreAmine® II. 


Vol. 186 e No. 1 


TABLE 7. Amino Acid Classification and Concentrations 
in FreAmine® Il 


Concentration (mM/L) 


Low Mid High 
Classification Abbr. («10 (10-20 (220) 
Straight chain Ala 25.1 
Gly 90.6 
Branched chain Leu (E) o. 22.2 
le (E) 16.7 
Val (E) 18.1 
Basic Arg 6.3 ‘ 
Lys (E) 18.0 
His 5.8 
Acidic Asp None 
Asn None 
Glu None 
Gln None 
Hydroxyl Thr (E) 10.4 
Ser 17.7 
Sulfur Met (E) 11.0* 
Cyst None 
Aromatic Phe (E) 10.5 
Trp (E) 2.4 
Tyr None 
Imino Pro 36.0 
: Hyp None 
Bile Tau None 
Urea cycle Cit None 
Orn 


None 


* The methionine present in this mixture is a racemic compound 
of di-methionine; all the other amino acids are present in the l-form 
alone. 


Discussion 


These experiments bear on three related problems: 
protein economy during peripheral infusion of amirio 
acids as the sole nutritional substrate, -the effect of a 
progressive ketosis on protein economy, and third, the 
particular metabolism of individual amino acids. 

FreAmine? II is a commercial package containing the 
essential amino acids in concentrations that are com- 
patible with each Other and will bear sterilization. Four 
amino acids are absent from FreAmine® II (aspartic 
acid, asparagine; glutamine, and glutamic acid). Four 
amino acids regularly analyzed by an amino acid ana- 
lyzer are likewise absent from FreAmine® II (citrulline, 
ornithine, taurine, and aspartic acid). Three of those 
(citrulline, ornithine, and taurine) are not known to be 
constituents of any human protein. The amino acids 
supplied in FreAmine? II are all present iri very large 
amounts. Using three liters of the 3.4% infusion daily 
(as was used here), the overall dosage of amino acids 
is approximately 6—8 times the minimum daily require- 
ment and far exceeds any reasonable minimum daily 


„protein allowance by any sort of summation. The 
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amount of protein equivalent supplied by three liters of 
FreAmine® II, at 13.5 gm/day in these subjects repre- 
sents approximately the normal mean for total nitrogen 
intake in a healthy working adult. The implication that 
the peripheral infusion of isotonic amino àcids pro- 
vides only a fractional nitrogen intake has no basis in 
fact. The usual dose of three liters provides à very full 
nitrogen intake and is many-fold the norinal minimum 
adult requirement, either for essential amirio acids or 
protein. It is perfectly clear that were the utilization 
of this material by peripheral vein in any sense efficient 
or a reflection. of normal protein metabólism; normal 
subjects would readily be in zero or positive balance. 


Protein Economy 
It can be anticipated that normal subjects kept on 
their usual diet for a prolonged period of time with 


normal ward activity will settle down to à zero or 
slightly positive nitrogen balance. These subjects were 


TABLE 8. Normal Amino Acid Plasma Venous Concentrations 
in the Human Adult (Literature Summary*) 


(MID) — 
Classification Abbr. Ranget Mean + SDt 
Straight chain Ala 289—363 318 + 28 
Gly 145-247 200 + 31 
Branched chain Leu (E) 79~ 133 115 + 16 
Ile (E) 44-79 62 + 10 
Val 141-230 201 + 29 
Basic Arg 51-127 83 + 24 
Lys (E) 115-209 164 + 36 
His 54-107 79 x 17 
Acidic Asp 4-13 924 
Asn f 
Glu 45-82 67 + 15 
Gin 
Hydroxyl* Thr (E) 87-175 138 + 27 
Ser 80-152 119 + 24 
Sulfur Met (E) 20-28 23-3 
Cyst 85-110 91+ 10 
Aromatic Phe (E) 30-64 52 + 10 
Trp (E) 
Tyr 32-64 54 + 10 
Imino Pro 122-202 173 + 25 
Hyp 
Bile Tau 25-70 47 + 16 
Urea cycle Cit 19-38 3147 
f Orn 30-68 58 € 11 


* The literature sources!142o. 252121 used in this table include orily 
amino acid plasma concentrations of normal human subjects studied e 
after an overnight fast as in this study. The total number of subjects 
studied in the seven reports is 115. 

t The range of the mean concentration reported in each of the 
seven sources. 

t The mean + SD of the seven means taken from the literature. 
The SD refers to the scatter of means, not raw data. 
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TABLE 9. Control Values in These Subjects, Relative to Literature (Fasting pMIL) 


Ann. Surg. e July 1977 











Classification Abbr. WF AC AB SB Mean + SD Lit xLit 
Straight chain Ala 245 325 228 409 302 + 83 318 0.95 
Gly 259 277 241 416 298 + 80 200 1.49 
Branched chain Leu (E) 143 137 344 248 218 x 98 115 1.90 
Ile (E) 86 69 47 134 84 + 27 62 . 135 
Val (E) 225 216 215 369 256 + 75 201 1.26 
Basic Arg | 99 154 128 143 131 + 24 83 1.58 
Lys (E) 231 246 246 321 261 + 41 164 1.59 
His 95 136 150 150 134 + 26 79 1.70 
Acidic Asp 9 7 8 9 0.89 
Asn 
Glu 67 
Gln 
Hydroxyl Thr (E) 131 129 167 142 x 21 138 1.03 
Ser 133 144 188 155 + 29 119 1.30 
Sulfur Met (E) 15 30 == 40 28 + 13 23 1.22 
Cyst 91 
Aromatic Phe (E) 62 67 58 90 69 + 14 52 1.33 
Trp (E) 
l Tyr 62 66 56 58 60 x4 54 1.11 
Imino Pro 230 220 — 231 22716 - 173 1.31 
Hyp 
Bile Tau 57 55 63 43 54-8 47 1.15 
Urea cycle Cit 22 47 — 41 37 + 13 31 1.19 
Orn 112 152 99 123 122 + 22 58 2.10 
TABLE 10. Plasma Amino Acid Concentrations. Fourth Day Values 
WF AC AB SB 
: % Control 
26 % % % Mean 
Class Abbr M/I Control  &4M/ Controli „M/I Contro  &4M/ Control MA Range Mean 
Straight chain Ala 417 170% 335 103% 261 114% 289 7195 326 71-17196 11596 
Gly 956 368% 552 198% 697 289% 559 134% 691 134—369% 24896 
Branched chain Leu E 453 317% 406 296% 363 105% 468 189% 423 105-31796 227% 
Ile E 323 377% 245 357% 217 462% 309 231% 274 231—462% 357% 
Val E 769 341% 666 309% 625 291% 653 177% 678 177-341% 280% 
Basic Arg 75 7696 95 6196 123 9796 110 71% 101 71-9796 7896 
Lys E 200 87% 255 104% 343 139% 264 82% 266 82— 139% 103% 
His 106 112% 110 169% 183 122% 147 99% 137 99-169% 126% 
Acidic Asp 2 22% 9 4 6 86% 5 22-86% 54% 
Asn . 
Glu 
Gin 
Hydroxyl Thr E 116 8876 175 145 11296 155 9396 148 88—112% 98% 
Ser 229 172% 324 304 211% 314 167% 293 167—211% $ 18395 
Sulfur Met E 187 127126 137 451% 145 — 140 35396 152 353-1271% 69295 
Cyst 
Aromatic Phe E 105 171% 103 154% 103 179% 95 106% 102 106—179% 153% 
Trp E 
Tyr 52 84% 52° 78% 43 71% 49 86% 49 77-86% 81% 
* Imino Pro 665 298% 546 237% 273 — 426 18496 478 184-289% 23796 
Hyp * 
Bile Tau 170 12226 57 104% 58 93% 48 112% 58 93-122% 108% 
"Urea Cit 19 83% 33 7096 19 — 22. 55% 23 55-83% 69% 
Orn 95 84% 88 58% 79 80% 108 88% 88 58-88% 78% 
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in slightly positive balance on their preliminary diet. 
With any sort of normal dietary provision, this zero 
balance is readily maintained so long as there is no 
superimposed stress, tissue trauma, or violent exer- 
cise. It is therefore of the greatest significance that 
when the dietary intake was changed from a mixed oral 
diet to the sole provision of amino acids by vein in 
the usually given clinical routine, the protein economy 
immediately underwent a remarkable deterioration. 
Nitrogen balance was negative throughout; the net loss 
of nitrogen from the body was about one-half that seen 
in total starvation. These daily losses of nitrogen 
ranged around 6-7 g/day. This level of nitrogen nega- 
tivity was reached within the first two days of the in- 
fusion. The magnitude of the loss did not change sig- 
nificantly in either direction throughout the eight-day 
period of infusion. 

In interpreting nitrogen balance data on normal 
human subjects, one must emphasize the ease of attain- 
ing zero balance, but the relative impossibility of plac- 
ing such individuals in strongly positive nitrogen 
balance for a prolonged period of time. 

If normal human subjects are at their genetically 
determined lean body mass at the start, and encounter 
no new caloric task that will oxidize fat or mobilize 
amino acids for muscle, then they have no intrinsic 
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stimulus to the synthesis of new muscle protein. But 
at the same time, such normal human volunteer sub- 
jects are readily maintained in a zero nitrogen balance, 
if given any reasonable sort of normal mixed oral diet; 
tolerance for variations in this oral diet is very great. 
If such normal subjects are given nothing whatsoever 
other than water by mouth they show a continued nega- 
tive starvation nitrogen balance® in the neighborhood 
of 6-8 g/M?/day. If carbohydrate alone is then pro- 
vided by vein totalling 600—750 g G.e., about 2,400— 
3000 calories) this nitrogen loss is drastically reduced 
to a minimum of approximately 1.6 g/M*/day.^ 
Comparative values of this type are shown in Fig. 7. 
The amino acid infusion reported here never approxi- 
mated the efficiency of protein-sparing seen with carbo- 
hydrate alone. Instead, an amount of nitrogen equiva- 
lent to that of the entire infusion, plus an additional 
5—8 g from within the patient, was excreted daily. 
This experiment does not address itself to the route 
of administration. It is possible that these same amino 
acids in these doses, provided by mouth or directly into 
the portal vein, might improve their utilization. This 
experiment likewise does not address itself as to 
whether or not the identical substances given as poly- 
peptides by mouth, might have been better utilized. 
This study merely demonstrates that when this particu- 


TABLE 11. Plasma Amino Acid Concentrations Eighth Day Values 








WF AC 
% % 
Class Abbr AMA Control  &4M/ Control 
Straight chain Ala 266 109% 310 95% 
Gly 539 208% 667 241% 
Branched chain Leu E 421 294% 506 369% 
Tle E 304 35426 323 47196 
Val E 728 324% 816 378% 
Basic Arg. 84 34% 130 84% 
Lys E 216 93% 315 128% 
His 92 9896 169 12496 
Acidic Asp 4 4496 8 
. Asn 
Glu 
Gin 
Hydroxyl Thr E 179 136% 189 
È Ser 297 223% 357 
Sulfur Met E 125 852% 151 496% 
Cyst 
Aromatic Phe E 80 129% 110 165% 
Trp E 
Tyr 49 80% 49 7596 
* Àmino Pro 452 196% 435 189% 
z Hyp 
Bile Tau 63 109% 51 92% 
Urea Cit 14 64% 29 61% 
Orn 84 7596 97 64% 














AB SB s 
% Control 
% % Mean 

#MA Control «MA Control aMA Range Mean 

247 108% 183 45% 252 45-109 89% 

538 223% 292 70% 569 70-241 186% 

306 89% 329 133% 391 89-369 233% 

177 377% 211 158% 254 158—471 34096 

549 255% 491 133% 646 133-378 273% 

110 86% 108 75% 108 75-86 8296 

297 12196 319 99% 287 93-128 11096 

165 110% 143 96% 142 96-124 107% 

2 25% 5 24—44 3596 

84 50% 150 50-136 93% 

168 89% 274 89--223 156% 

123 — 85 21495 121 214-852 521% 

92 160% 64 7196 87 71-165 13196 

57 102% 39 68% 49 68—102 8196 
255 — 222 96% 34] 96-196 160% ° 

58 98% 33 7196 51 71—109 93% 

— — 14 35% 19 35-64 5396 

84 84% 95 77% 90 7596 


64—84 


x 
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TABLE 12. Changes in Plasma Concentration of Amino Acids 
During Infusion: Changes Relative to Infusion Gradients 





CHANGES APPROPRIATE TO INFUSION GRADIENT 


A) Plasma concentration fell or was unchanged, with amino acids 
absent (À) or at low concentration (L) in infusion. 
(1) Concentration Fell 
Citrulline (A) Ornithine (A) Arginine (L) Aspartic (A) 
Tyrosine (À) 
(2) Plasma Concentration Unchanged 
Taurine (A), Histidine (L) 
B) Plasma concentration increased two-fcld or more with amino 
acids at medium (M) or high (H) concentrations in the infusion. 
(1) Plasma Concentration Rose About Two-fold 
Proline (H), Glycine (H) 
(2) Plasma Concentration Rose More Than Two-fold 
Valine (M), Isoleucine (M), Leucine (H) 


CHANGES INAPPROPRIATE TO THE 
INFUSION GRADIENT 


A) Plasma concentrations unchanged or rose slightly with amino 
acids at medium (M) or high (H) concentrations in the infusion. 
Serine (M), Lysine (M), Alanine (H), Threonine (M) 
B) Plasma concentration rose significantly with amino acids at low 
(L) or medium (M) concentration in the infusate. 
Phenylalanine (M), Methionine (M) 





lar amino acid mixture is given in a peripheral vein 
without any other provision of substrate for calories, 
their utilization is inefficient and wasteful, resulting 
in an excessive urinary excretion equal to the sum of 
all the infused nitrogen, presumably with oxidation of 
its carbon chains, and with an additional loss of amino 
acids from endogenous sources. In this regard, our 
data reinforce the findings of Freeman." 

The urinary nitrogen fractionation was not remark- 
able in any way. Ureogenesis occurs pari passu with 


10 


*^—^ Amino Acids (400 Cal) z 
o=o Carbohydrate: (600 Cal) 
8 e—- Carbohydrate (2,680 Cal) 


URINE 

TOTAL 
NITROGEN 
(gms/M"/day) 4 


0 1 2 3 4 
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gluconeogenesis; there was only a modest increase in 
ammonia excretion, far short of that seen in the late 
"adaptation" to ketosis. 

The changes in the blood urea nitrogen concentra- 
tion are of both theoretical and practical interest. If a 
patient is starving and taking nothing by mouth, blood 
urea nitrogen levels are at a low normal range; if given 
maximum carbohydrate by vein, the blood urea nitro- 
gen falls to extremely low levels as gluconeogenesis is 
reduced to an absolute minimum (3-5 mg%).” If such 
an individual is then given oral diet, a rise in blood urea 
nitrogen levels to normal levels is a strong indicator of 
good gastrointestinal tract digestion and absorption. In 
that sense, it is a favorable sign nutritionally. Bv the 
same token, when nitrogenous intermediates are given 
by vein, a rise of the blood urea nitrogen indicates 
likewise that a new source has been introduced to the 
pool of nitrogen intermediates. Here, the blood urea 
nitrogen rose abruptly with onset of infusion, but 
stabilized at a modest high normal value, indicating 
equilibrium of gluconeogenesis, ureagenesis, and urea 
excretion. 


Energy Calculations 


With the ingestion of protein, polypeptides, or amino 
acids, and the excretion of a large amount of nitrogen as 
urea and ammonia, one may assume that the carbon 
chains accompanying those nitrogen molecules have 
been oxidized for energy. Without elaborate isotopic 
studies it is impossible to determine what fraction of 
the carbon pursued a ketogenic path, and what fraction 
went via the carbohydrate route. In either event, one- 


losses as reported in this 
paper (triangular symbol), 
as compared with those ob- 
served -with carbohydrate 
intake and no nitrogen 
source at a level of 600 
calories (circles), and the 
same at the level of 2680 
calories (dots). The two 
latter sets are taken from 
the publication of O’Con- 
nel et al?* from these 
laboratories. It is evident 
that urinary total nitrogen 
is minimal with high dose 
glucose alone and is at an 
intermediate level with the 
8 amino acid infusions. 


n=4 
n:2 Fic. 7. Urinary nitrogen 
n=? 


5 6 7 
INFUSION DAYS 


* (Losses Over and Above N Intake) 


« 
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may estimate the energy yield from these carbons on 
the basis of the assumption that the carbons went the 
carbohydrate route; simple arithmetic will demonstrate 
that this yields a most conservative figure for the energy 
yield of amino acids that are oxidized, the nitrogen 
being excreted. 

The same sort of calculations can be carried out 
for amino acids of endogenous source. It is possible to 
calculate, from the nitrogen lost, the amount of muscle 
protein catabolized, carbons oxidized, and urea 
synthesized. 

On the basis of such calculations, these four subjects 
exhibited the utilization of the energy equivalent of 
approximately 100 g of carbohydrate (i.e., approxi- 
mately 400 calories) from the oxidation of the infused 
amino acids, and approximately 25 g of carbohydrate 
equivalent (i.e., approximately 100 calories) from 
endogenous sources, i.e., muscle catabolism observed 
during the amino acid infusion. Thus, approximately 
500 calories per day arose from protein sources either 
exogenous or endogenous. 

The steep rise in ketones (see below) is of remark- 
able interest in the interpretation of the protein 
economy. They indicated that ketone substrates were 
available for oxidation if they could be utilized. The 
high level of freey fatty acids indicated brisk fat 
mobilization throughout. ; 

The subjects lost about 3.8 kg of weight over the 8 
day period. On the basis of the normal muscle hydra- 
tion of actin and myosin, we may assume that 150—200 
gm of this represents whole muscle tissue lost, together 
with its water. The remaining 2.8 kg would therefore 
be an approximation of the amount of fat oxidation 
experienced during the 8 days of amino acid infusion. 
This would suggest that approximately 2250 calories 
became available daily from endogenous fat sources. 
It is clear from these approximations that the energy 
bookkeeping was in balance and that the necessary 
energy for life processes was largely obtained from 
endogenous fat, during the infusion of isotonic amino 
acids. 


Plasma Glucose, and Other Substrate Concentrations, 
Ketosis 


The fall in plasma glucose concentration suggests 
that with the exhaustion of body glycogen, glucose was 
burned as fast as it is formed from the amino acid 
precursors; the fall in plasma glucose concentration 
is not, however, as profound as that with starvation 
alone.® 

The rise in free fatty acids is evidence of the direction 
from which the patient’s caloric needs were being 
satisfied. 

The steady and progressive rise in blood ketones in 
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this experiment was a most remarkable finding. The 
ketones were the only plasma intermediate measured 
that showed a progressive change throughout the 8 
days of the infusion. There was no associated acidosis, 
but urinary ammonia did increase. 

This progressive ketosis was not associated with any - 
improvement in protein economy; there was no evi- 
dence for increased protein sparing as ketones rose. 
The obvious increased excretion and/or oxidation of 
ketones was not associated with any improvement in 
nitrogen economy. 

An improvement in protein economy with this 
progressive ketosis would have been manifested either 
by a reduction in total nitrogen excretion in the urine, 
a change in partition from urea to ammonia, or a reduc- 
tion in urea excretion alone. A reduction in blood urea 
nitrogen concentration might have been expected, as a 
faint or late indicator of increased protein economy. 
In any event, the most eloquent evidence of an im- 
proved nitrogen economy would have been a gradual 
change of overall nitrogen balance in the direction of 
positivity. None of these changes occurred despite the 
progressive ketosis. This is strong evidence against 
the implication in the literature99?" that progressive 
ketosis is favorable to nitrogen economy. In this par- 
ticular setting, it was not. 


Plasma Hormone Concentrations 


The plasma hormone concentrations in this experi- 
ment were amongst the most clear-cut we have ob- 
served using this model for the study of protein 
economy in the normal human volunteer subject. The 
rise in glucagon concentration was clear. The insulin 
concentration in three of the four subjects did not fall 
remarkably, the fall being observed only in the subject 
that was overweight. These data suggest that glucagon 
is being stimulated by the peripheral infusion of amino 
acids, and plays a role in the increased rate of ureogene- 
sis and gluconeogenesis. The glucose that results from 
this metabolism is sufficient to maintain insulin con- 
centration in a low normal range. The serum growth 
hormone concentration was likewise stimulated by the 
amino acid infusion, and maintained a slightly ele- 
vated level. 


Plasma Amino Acid Concentrations 


Analyses of FreAmine® II, both in this laboratory and 
elsewhere, confirm the labeled concentrations within a 
few percentage points. A 

Once FreAmine® H is injected into the vein, it is 
rapidly diluted to concentrations far below that in the 
infusate. The molar interrelations, however, remain un- 
changed by the initial dilution factor save for the 
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differing gradients of amino acids across the red cell 
membrane.” There is a wide variability in the molar 
concentration of amino acids in the infusion mixture 
which presents contrasts with the relative molar con- 
centrations of amino acids in the blood of fasting 
human subjects. | 

On the fourth day and eighth day of infusion, the 
values for plasma amino acid concentration showed 
several remarkable changes. 

Alanine was infused at a high concentration and at 
a rapid rate. It is also abundant in normal human 
fasting plasma. When fasting subjects are given glucose 
(with a reduction in glucagon activity), the alanine con- 
centration rises to even higher levels.?* This suggests 
a cut-off or reduction in glucagon activity when exog- 
enous glucose becomes available. Alanine then 
"escapes" from degradation for gluconeogenesis. It is 
therefore of remarkable interest that in these experi- 
ments the alanine concentration in the blood, after 
a very brief initial rise, fell to values lower than 
normal. This, taken together with the rise in glucagon 
concentration, is interpreted as meaning a very rapid 
turnover of alanine during a period of maximum glu- 
coneogenesis, with alanine supplying its share of new 
carbohydrate for oxidative purposes, at a very rapid 
rate. This has a further interpretive significance, 
namely, that when alanine concentration is found to 
be low in the plasma, one cannot assume that it 
is not "available." Quite the contrary, it may be 
readily available and being utilized at a rate higher 
than its release from muscle. 

Turning from alanine to the other amino acids, 
further comment is required first on those amino 
acids whose changes were appropriate to the infu- 
sion gradient. Of five amino acids absent from 
FreAmine® II (citrulline, ornithine, tyrosine, taurine, 
and aspartic acid) all plasma concentrations were un- 
changed or fell. For three amino acids present in 
high concentrations in FreAmine® II, the plasma 
concentration rose about two-fold (proline, glycine, 
and leucine). This suggests but does not prove that 
their concentration in FreAmine® II is higher than 
is needed in this particular metabolic setting. The 
three branched-chain amino acids reacted together: 
they rose markedly in concentration. This suggests 
that valine, leucine, and isoleucine were being re- 
leased from body proteins, or infused, more rapidly 
than they were being utilized under these circumstances. 

Changes inappropriate to the infusion gradient in- 
cluded four amino acids (serine, lysine, threonine, 
‘and alanine) in which the plasma concentrations 
remained unchanged or fell even though they were in 
high concentration in the infusion. This would suggest 
very rapid utilization. 
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Of particular interest were the two amino acids 
(phenylalanine and methionine) that rose significantly 
in concentration, even though present in the infusate 
at relatively low molar concentrations. In the case of 
methionine, as already mentioned, this could be an 
anomaly due merely to its presence in the infusate in 
the racemic form; selective accumulation of the d-form 
in the bloodstream could produce this result. In the 
case of phenylalanine, the slight rise suggests that this 
aromatic amino acid was being released from body 
tissue more rapidly than it was supplied in the in- 
fusion. This raises the possibility that this particular 
infusion mixture is either interfering with utilization 
of phenylalanine or, by some sort of substrate com- 
petition, inhibiting its metabolism. 

Pattern-recognition in plasma amino acid concen- 
trations is still in its infancy. Winters et 21.239 
have stimulated a new interpretive framework, based 
on two ratios: the ratio of total essential amino acids 
to total amino acids (TEAA/TAA) and that of the 
individual essential amino acids to the total essential 
amino acids (EAA/TEAA). Within the framework of 
Winters, normal infants show a ratio of TEAA/TAA in 
the vicinity of 0.4. It is of interest that in FreAmine® 
II this ratio is aporoximately 0.34 although there is 
some variability in the way this ratio might be cal- 
culated for those particular amino acids. The fasting 
values for our normal human subjects showed ratios, 
as suggested by Winters, at their fasting control 
values as follows; the TEAA/TAA ratios were 0.41; 
on the fourth and eighth day of infusion these ratios 
were 0.48 and 0.51. The ratios of individual essential 
amino acids to total essential amino acids (EAA/TEAA) | 
all showed a tendency to rise, the most marked in- 
creases being in the case of methionine, isoleucine, 
and valine. These data are in sharp contrast to the 
change in these ratios observed when amino acids 
are given with glucose either at the level of I50 
or 600 g/day. In both those instances the total 
ratios and individual ratios are quite stable.!! 

The synthesis of protein requires the input of energy. 
It has been estimated that the caloric requirement for 
a peptide bond is 25 Kcal per mole. On this basis 
alone, it should not be surprising that when little 
carbohydrate energy is provided with amino acids, 
the calorie/nitrogen ratio being essentially zero, that 
protein synthesis might not be favored. All the energy 
must arise from fat or amino acid oxidation. 

From these general considerations, one might predict 
that the provision of carbohydrate would improve pro- 
tein utilization and that the provision of energy alone - 
(without nitrogen compounds) in the form of carbo- 
hydrate, glycerol, or fat, might inhibit loss of protein 
from muscle. The concept of the favorable calorie/ 
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nitrogen ratio for protein synthesis was first suggested 
in a review in 19487! and then further elaborated in 
comments in a textbook.? Although data at that time 
were sparse, the conclusion was drawn that protein 
synthesis would be most efficient in the starving 
surgical patient if exogenous calories were provided 
together with the nitrogen substrate. It was also 
suggested that the provision of energy alone would 


inhibit muscle protein hydrolysis and amino acid. 


degradation. This latter suggestion was borne out by 
the work of Gamble!? and later O'Connell et al.” The 
data presented herein demonstrate that when nitrogen 
substrates are provided abundantly, but without exog- 
enous calories, utilization is very inefficient in normal 
individuals in whom short-term anabolism is readily 
attained. One can assume that if such a nutrient in- 
travenous cannot provide protein synthesis here it is 
highly unlikely that such would occur under condi- 
tions of acute surgical stress. 

Further data of this type, based on studies in un- 
stressed starvation, acute surgical stress or infection, 
will be of great interest. Studies in which the utiliza- 
tion of amino acid is modified by the concomitant in- 
fusion or ingestion of carbohydrate, fat, or other sub- 
strates such as glycerol, will also provide a con- 
trast. Such studies are currently being reported from 
these laboratories. The findings with glycerol! and 
with oral glucose!? substantiate the concept that an 
exogenous energy source improves protein economy. 
In experiments completed but not yet reported! 
it has been demonstrated that the concomitant infusion 
of carbohydrate as low dose or high dose glucose pro- 
gressively improves the utilization of intravenously 
infused amino acids. 
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Cardiac Depression in Bacteremia 


JOHN POSTEL, M.D., PAUL R. SCHLOERB, M.D. 


Hemodynamic and respiratory effects of a 5-hr IV infusion of 
Ps. aeruginosa at a dose of 10° organisms per ml per minute 
were studied in 6 dogs. Four dogs served as controls. Gram- 
negative bacteremia, with 70,000 + 1,800 organisms per ml of 
blood, caused a 50% reduction of cardiac output at three hrs; 
Peripheral vascular resistance increased significantly, but 
mean heart rate fell below control levels. Decline in mean 
systemic blood pressure from 150 + 5 mm Hg to 88 + 6 mm Hg 
was accompanied by a significant increase in pulmonary 
arterial wedge pressure with normal right atrial and pul- 
monary arterial pressures. Pulmonary vascular resistance also 


remained unchanged, With progression of the low output state 


and development of hypothermia, arteriovenous oxygen 
difference (A-V DO,) fell significantly. Despite a decline in 
functional residual.capacity, venoarterial admixture dimin- 
ished in the face of reduced pulmonary capillary perfusion, 
normal arterial Po, values, decline in body temperature and 
finally very narrow A-V DO,. Histologically, ventricular 
myocardium revealed severe interstitial edema. It is concluded 
that myocardial dysfunction may occur early during gram- 
negative bacteremia, and formation of myocardial edema 
appears to be a significant contributing factor in myocardial 
failure. 


LTHOUGH THE HEART will ultimately fail in 
A all forms of progressive shock, the mechanism of 
myocardial depression in sepsis remains to be eluci- 
dated. Siegel showed that the underlying defect in the 
hypotensive process in nearly all patients with sepsis is 
predominantly an abnormality in vascular tone, but he 
also noted a state of depressed myocardial function. 
Subsequent clinical and experimental studies, stimu- 
lated by this important finding, confirmed the existence 
of impaired myocardial performance in septic and 
endotoxic shock.?5? However, debate still exists as to 
the underlying mechanism causing myocardial depres- 
sion as well as to the time of onset of cardiac dysfunc- 
tion during a septic course. Some investigators have 
suggested that the heart fails only terminally! while 
others have noted that impaired cardiac function may 
occur during the intermediate stages of septic and 
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endotoxic shock.®- Others,’ however, have provided 
experimental evidence to suggest that the heart is 
relatively resistant to endotoxin. 

Most clinical and experimental studies have docu- 
mented myocardial failure during sepsis at a point in 
time when advanced sepsis or septic complications, 
such as shock, are dominating the picture. At present, 
there are not sufficient clinical and experimental data 
to show the relative contribution of the heart to the 
development of hypotension in early, uncomplicated 
gram-negative bacteremia. 

This study was uridertaken to attempt to provide a 
partial answer to this question by evaluating early 
cardiovascular and pulmonary abnormalities asso- 
ciated with controlled gram-negative bacteremia. Pro- 
longed ‘bacteremia was induced in dogs, resulting in 


bacteremia levels similar to those recently reported to. 


occur during sepsis in humans.?$ 


Methods 


The general experimental approach consisted of a 
§-hr I. V. infusion of Pseudomonas aeruginosa in dogs, 
and monitoring of hemodynamic and pulmonary 
changes during bacteremia. As previously described, 
a log phase culture of Ps. aeruginosa, suspended in 
sterile saline and adjusted to a bacterial concentration 
of about 109 organisms per ml saline, was used for 
constant I.V. infusion at a rate of 1 ml per minute for 
five hrs: : 

Of those animals originally selected, five dogs were 
excluded from the study because of abnormal baseline 
measuréments, and were found to have granulomatous 
Iung disease (one), myocardial hypertrophy (one), and 
an uneven ventilation/perfusion pattern due to anes- 
thesia (three). : 

Ten conditioned mongrel dogs weighing 20—22 kg. 
were divided into two groups: 6 dogs received the 
five hour bacterial infusion and were monitored prior to 
and at hourly intervals during this time. Thereafter, 


. 


— 
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all animals were sacrificed. Another (control) group of 
four dogs received lactated Ringer's solution (LR) over 
five hours at a rate of 60 ml/hr, and were monitored 
during this time. 

Animals in both groups, fasted overnight, were given 
I.V. sodium pentobarbital (25 mg/Kg) and the trachea 
was intubated with a cuffed endotracheal tube. I. V. LR 
solution was started to maintain adequate hydration. 
Under sterile conditions a nonocclusive femoral 
artery cannula was placed for pressure monitoring and 
withdrawal of blood samples. To obtain pulmonary 
arterial, pulmonary arterial wedge, and right atrial pres- 
sures three fine silastic tubes were inserted into an 
external jugular vein and each tip was advanced, the 
location being determined by oscilloscopic pressure 
tracing. Pressures were recorded by a Statham P23Db 
pressure transducer and registered on an 8-channel 
recorder (Hewlett Packard Optical Recorder). After 
proper placement the silastic tubes were secured in 
place with No. 4-0 silk ties and the animals placed in 
prone position. i 

A one-to-two hr baseline observation period allowed 
the animals to reach a steady state after induction of 
anesthesia and surgical preparation. During this time 
various measurements were performed, including 
blood gases, calculation of pulmonary arteriovenous 
shunting (R-L shunting), recording of pulmonary 
circulation pressures, cardiac output (CO), functional 
residual lung capacity (FRC), and expired gases were 
collected for calculation of physiologic dead space 
(YD) to determine unrecognized pre-existing cardio- 
pulmonary disorders or undesirable anesthesia side 
effects. 

‘Prior to and at hourly intervals during the five hour 
bacterial infusion and/or monitoring period, the follow- 
ing detailed measurements were performed: Blood 
bacterial concentrations were determined by serial 
10- -fold dilutions of the blood specimen on tryptic soy 
agar, as previously described.?° Venous blood was ob- 
tained for determination of hematocrit by the micro- 
hematocrit technique, and for hemoglobin according to 
the cyagmethemoglobin method. Mean systemic 
arterial (MAP), right atrial (RA), pulmonary arterial 
(PAP), and pulmonary arterial wedge (PWP) pressures 
were recorded continuously. Cardiac output was 
measured by the dye dilution technique using cardio- 
green dye and a Gilford densitometer. For comparison 
this value was converted and expressed in L/min/Kg. 
Arterial and mixed central venous blood pH, Pco;, 
and Pos, while breathing room air, were measured in 
.triplicate using the Instrumentation Laboratory blood 
gas analyzer (Model 313). Arteriovenous oxygen 
tension difference (A-V DO,, mm Hg) was calculated 
from these values. The endotracheal tube was attached 
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to a spirometer circuit allowing spontaneous breathing 
with room air or pure oxygen. Expired gas volume was 
measured with a spirometer (Cardio-Pulmonary Instru- 
ments) and collected in an Aluminum-Mylar bag. The 
expired gas composition was analyzed for CO; concen- 
tration with a capnograph (Godart Capnograph), for 
O, concentration with a Thermox O, Analyzer, and for 
nitrogen with a Cardio-Pulmonary Instruments Nitro- 
gen Analyzer. Functional residual lung capacity (FRC) 
was determined utilizing the prolonged nitrogen wash- 
out method? with pure oxygen, the final value being 
displayed by an FRC Calculator (Cardio-Pulmonary 
Instruments). Nitrogen washout was considered com- 
plete when the expired N, concentration was 1% or 
less (average 8 min). At this time mixed central venous 
blood was obtained from the catheter in the pulmonary 
artery, and simultaneously arterial blood was drawn 
from the indwelling femoral artery cannula for deter- 
mination of blood gases during 100% oxygen breathing 
for calculation of intrapulmonary R-L shunting. Mixed 
central venous and arterial hemoglobin saturation was 
measured with an oximeter (American Optical), and 
compared with determinations obtained from standard 
tables after correcting the Po, for pH and buffer 
base.!??3 Barometric pressure and rectal temperature 
were also recorded. 

During 100% oxygen breathing, the pulmonary 
arteriovenous shunt (Q,/Q, x 100) was determined by 
the equation: 


Qs (C,O; — C,02) 


— x 100 = 
Qr C.O: — C,0; 


Where: Qs = R-L shunt flow y = Total cardiac output. 
C,O, = Arterial oxygen content (Vol % STPD). C,0, 
— Mixed central venous oxygen content (Vol ?6 STPD). 
C.O; = Pulmonary capillary oxygen content (Vol % 
STPD). The pulmonary capillary oxygen content was 
assumed to be that which the arterial blood would have 
had if fully equilibrated with mean alveolar gas. At high 
Po, values there is no reason to assume an end- 
capillay gradient between alveolus and capillary 
blood, and PAO, = P,O,. The mean alveolar oxygen 
tension was therefore calculated from the equation: 


PAO, = PB — PaCO, — PHO 


Where: PAO, = Mean alveolar oxygen tension, mm Hg 
PB = Barometric pressure, mm Hg PaCO, = Arterial 
carbon dioxide tension, mm Hg PH,O = Partial pres- 
sure of water at dog’s temperature, mm Hg Oxygen 
content for all three phases were calculated from the " 
equation: 


CO; = SO, (1.34 x Hb) + 0.0031 x PO, 
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Fic. 1. Effect of bacteremia on cardiac output (CO), heart rate (HR), 
and peripheral vascular resistance. Each curve represents a mean 
+ standerd error in 6 bacteremic dogs (6 —— — 6 ) and four control 
dogs (O —— O) during the 5-hr experimental period. 


The calculated arterial and mixed central venous blood 
oxygen contents were periodically checked by a 
chromatographic method (Bowers Blood Gas Ana- 
Iyzer). Physiologic dead space was calculated employ- 
ing Bohr's equation, substituting arterial for alveolar 
Cos: 


PaCO, 


Where: PCO, = PCO, of expired gas sample (BTPS). 
V4 — Tidal volume. Effective alveolar ventilation per 
min was calculated by subtracting the physiologic dead 
space from tidal volume, multiplied by the respiratory 
rate per min. This value related to CO represents an 
* estimate of the effective alveolar ventilation/perfusion 
ratio (V,/Q4). Respiratory minute volume (Vm) was 
obtained by the product of tidal volume and respiratory 
rate per min. Pulmonary vascular resistance was cal- 
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culated from the difference between mean pulmonary 
arterial and mean pulmonary wedge pressure and the 
cardiac output. The value was expressed in resistance 
units (PuRU). Systemic vascular resistance was ob- 
tained in a similar way, using the difference between 
mean systemic arterial pressure and mean right atrial 
pressure divided by the cardiac output, and expressed 
in peripheral resistance units (PRU). 

At the termination of the experiments the animals 
were sacrificed with an overdose of pentobarbital. A 
thoracotomy was performed and samples were taken 
from the left heart ventricle for examination by light 
microscopy without preceding information regarding 
treatment. The specimens were sectioned and fixed in 
10% buffered formalin, embedded in paraffin, cut in 5 u 
sections and stained with hematoxylin and eosin. 

Conventional statistical methods were used for cal- 
culation of standard error as well as for dependent and 
independent analyses of variance using Students’ “t” 
test. 


Results 


Infusion of Ps. aeruginosa at a dose of 10° organisms 
per min over five hrs produced, at one hr, a bacteremia 
of 6.6 + 0.8 x 10* organisms per ml of blood. This 
bacteremia level was maintained throughout the 5-hr 
experimental period. At five hrs, when bacteremic 
animals were sacrificed, they had a blood bacterial 
count of 7.0 + 1.8 x 10* organisms per ml of blood. 

As illustrated in Figure 1, following baseline measure- 
ments, as indicated in this and all following figures by 
the 0-time value, infusion of bacteria caused a fall in 
mean CO of 50%, i.e., from a control value of 0.207 
+ 0.021 L/min/Kg to 0.100 + 0.010 L/min/Kg at 3 hrs 
(P = .01), and remained at this level until the termina- 
tion of the experiment (P = .01). The CO in controls 
remained essentially unchanged. Simultaneously mean 
heart rate (HR) fell in bacteremic dogs after the start 
of the bacterial infusions, and remained low for 5 hrs 
(P = 0.01). These values were significantly lower as 
compared with control dogs (P = 0.05). 

During the 5 hr observation period the calculated 
peripheral vascular resistance was essentially un- 
changed in controls with a mean value of 2.28 + 0.2 
PRU at 0-time. However, animals receiving bacteria 
exhibited a constant increase in mean peripheral 
vascular resistance which, at 5 hrs (3.24 + 0.34 PRU), 
was significantly elevated (P = 0.05). 

A decrease in CO of about 12% within the first hr of 
bacteremia was accompanied by a fall in HR of 15%, 
and by an increase in mean peripheral vascular resist-. 
ance of 17%. This pattern suggests that the stroke 
volume remained initially unchanged, and also explains 
why MAP remained essentially the same within the 
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first hr (Fig. 2). However, during the following 2 hrs of 
bacteremia, CO continued to fall an additional 3896 
(P = 0.02), whereas HR remained unchanged. This 
sudden fall in myocardial stroke volume caused a fall in 
MAP from 147 + 2mm Hg at one hour to 88 + 6 mm Hg 
at 3 hrs (P = 0.005). At the same time mean peripheral 
vascular resistance changed little from 2.67 + 0.38 
PRU at 1 hr to 2.82 x 0.5 PRU at 3 hrs. At 5 hrs, 
resistance was significantly elevated to 3.24 + 0.34 
PRU (P = 0.05), and CO and HR remained the same. 
Increase in peripheral vascular tone was not sufficient 
to counteract a fall in systemic arterial blood pressure. 

As demonstrated in Figure 2, a 50% reduction in CO 
caused a fall in MAP to 88 6 mm Hg at 3 hrs, without 
further decline. At the same time mean PAP did not 
differ significantly from controls. Mean PWP increased 
from a baseline value of 6 + 1 mm Hg to 10+ 1.1 mm 
Hg at 5 hrs, whereas controls maintained an unchanged 
PWP close to a mean of 5 mm Hg. The mean RA was 
not statistically different from controls. The calculated 
pulmonary vascular resistance was surprisingly un- 
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* Fic. 2. Changes in mean systemic blood pressure (MAP), pulmonary 
arterial (PAP), pulmonary arterial wedge (PWP), and right atrial 
(RA) pressures during the 5-hr bacterial infusions. Changes in pul- 
monary vascular resistance are presented in resistance units (PuRU). 
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Fic. 3. Calculation of physiologic pulmonary dead space and right 
to left (R-L) shunt in bacteremic (6 ——- 6€) and control 
(O —— Op) animals. Mean functional residual capacity (FRC) values 
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changed during hypotension, from a baseline value of 
0.12 + 0.01 PuRU to 0.13 + 0.05 PuRU at 3 hrs, and 
0.12 + 0.02 PuRU at 5 hrs. No significant overall 
changes were observed in comparison with control 
animals. 

Serial hematocrit determinations in bacteremic 
animals revealed a slight but statistically not significant 
increase during the 5-hr bacteremia period from 39.5 
+ 1.496 to 42.8 — 2.226 at 5 hrs. Confirming our 
previous observations of relative hypothermia during 
lethal bacteremia,?? animals in this group responded 
with a decline in mean body temperature from 38 
+ 0.2? to 36.1 + 0.45? at 5 hrs (P = 0.005). Controls 
maintained their normal body temperature. 

As demonstrated in Figure 3, a fall in CO was 
accompanied by an increase in physiologic dead space. 
With initial value of 97.1 + 7.7 ml during the early phase 
of bacteremia, physiologic dead space was not 


125 
IOO 


t] 


PaCOo(mmHg) Pa O2 (mm Hg) € 


it 


ARTERIAL- pH 


O I 2 3 4 5 


HOURS 


Fic. 4. Arterial blood gases and pH during the 5-hr bacterial in- 
fusions. 


significantly different from controls. However, at 3 hrs, 
when the end point in decline in CO was reached, the 
physiologic dead space was also maximally increased 
to 140 + 19 ml (P = 0.02), and remained at this level, 
whereas cantrols remained essentially unchanged. 
Mean FRC fell in bacteremic animals from initial 
control value of 1.75 + 0.24 L to 1.1 + 0.15 L at 3 hrs 
(P = 0.02) and remained at this level. Since changes in 
FRC correlate well with pulmonary arteriovenous 
shunting, it was unexpected when R-L shunting 
diminished during bacteremia from 30.1 + 2.3% to 14.5 
+ 2.6% at 3 hrs (P = 0.01). 

Figure 4 shows that arterial blood gases remained 
normal during the fall in CO while R-L shunt improved. 
At no time was there hypoxemia in any of the experi- 
.. mental animals. Onset of bacteremia was characterized 
by a moderate respiratory alkalosis as evidenced by a 
decline in PCO, from 35 + 1 mm Hg to 29 + 3 mm Hg 
(P — 0.01) and an increase in arterial pH from 7.39 
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+0.01 to a pH of 7.43 + 0.02 at 2 hrs. After 3 hrs, 
there was a metabolic change: Arterial Pco, increased 
to36 mm Hg and pH fell to 7.28 + 0.06 at 5 hrs, whereas 
arterial Po, remained normal. Although we did not 
measure lactic acid, we assume that metabolic acidosis 
developed. 

Figure 5 shows that during a fall in CO, bacteremic 
animals showed a non-significant increase in respira- 
tory minute volume (Vm) from 4.1 + 0.3 L/min to 6.0 
+ 0.8 L/min at 2 hrs, but a significant increase in their 
effective alveolar ventilation/perfusion ratio (Va/Q4) 
from 0.52 + 0.07 to 1.1 + 0.2 (P = 0.05), resulting ina 
respiratory alkalosis. The mean Va/Q, ratio continued 
to rise because CO continued to fall, and metabolic 


` acidosis probably developed. 


Figure 6 indicates that the mean A-V DO, in 
bacteremic animals at 0-time was 38 + 2.6 mm Hg, not 
very different from controls (36 + 4.2 mm Hg). How- 
ever, fall in CO was paralleled by a decline in A-V DO, 
at 3 hrs (32.5 + 6 mm Hg), which was below the control 
mean value. At 5 hrs A-V DO, was even lower (24.8 
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Fic, 5. Ventilation/perfusion ratio and respiratory minute volume 
during the 5-hr bacteremia period in bacteremic and control dogs. 


Vol. 186 e No. 1 


Fic. 6. Arteriovenous oxy- > 
gen differences in bactere- í 30 
mic dogs. 
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+ 2.8 mm Hg) (P = .01) and significantly below con- 
trols (P = 0.05). 

Figure 7 illustrates the typical morphology of left 
ventricular myocardium from three bacteremic dogs, 
after 5 hr bacterial infusions. Diffuse congestion of the 
myocardial microcirculation is present. Severe focal 
intercellular edema is associated with separation of 
both cardiac muscle bundles and intercellular collagen 
fibers. Occasional microfoci of acute inflammation 
were identified within myocardium in perivascular 
regions. The early vascular phase of inflammation was 
manifested by vascular congestion and edema, while 
the early cellular phase of inflammation was manifested 
by margination of inflammatory cells along the endo- 
thelium of the microcirculation and emigration of 
neutrophils and occasional monocytes into the peri- 
vascular areas and adjacent myocardium. 


Discussion 


These experimental observations suggest that sys- 
temic hypotension during bacteremia was associated 
with early onset of myocardial depression. The ob- 
served fall in CO could be explained by a decline in 
myocardial stroke volume, which was accompanied by 
elevation of PWP, without increase in heart rates. The 
mean heart rate in septic animals was even lower than 
controls. Bradycardia may have been due to para- 
sympathetic stimulation, hypothermia, or direct effect 
of bacteria on the myocardium. Since the significantly 
increased PWP reflects left atrial pressure, which, in 
the absence of valvular disease, is thought to be the 
same as left ventricular end-diastolic pressure, we infer 
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that the early and profound drop in stroke volume in the 
presence of a normal central venous pressure may have 
been due to beginning failure of the heart as a pump. 
Cardiac function deteriorated early, manifested by a 
declining stroke volume and increase in PWP in the 
presence of an initially normal and later slightly 
elevated central venous pressure. This hemodynamic 
pattern indicated that inadequate venous return could 
not be the predominant factor in the development of 
hypotension and shock. 

Although cardiac function was studied in response to 
induced bacteremia, it should be emphasized that the 
systemic effects of the bacteremia, such as lowered 
body temperature, could have been responsible for the 
experimental changes noted. To assure better con- 
trolled observations of cardiac function, it may have 
been desirable to stabilize heart rate, body tem- 
perature, and coronary perfusion. Inferences and con- 
clusions in this study about the effects of bacteremia on 
cardiac function itself should be accepted with these 
reservations. 

Neither metabolic acidosis nor hypoxemia can be 
incriminated in the observed myocardial depression 
since the arterial pH and PO, values remained normal. 

We would expect that a significant drop in cardiac 
output, as seen in bacteremic animals, would be as- 
sociated with a decline in pulmonary arterial pressure 
and, in the absence of overt heart failure, would be 
associated with an increase of pulmonary vascular re- 
sistance secondary to a decrease in transmural pres- 
sure. Results from bacteremic animals. however, indi- 
cate that mean pulmonary arterial pressure and cal- 
culated mean pulmonary vascular resistance remain 
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Fic. 7a. Left ventricle, showing generalized edema of interstitial 
spaces, marked vascular dilation, and early cellular phase of acute 
inflammation with focal margination and emigration of polymorpho- 
nuclear leukocytes and monocytes (hematoxylin and eosin x 100). 


normal. We suggest that a combination of several 
mechanisms were operating. A fall in CO might have 
caused a reduction of pulmonary capillary perfusion, 
however, passive backward transmission of pressure 
from the left atrium due to impaired myocardial func- 
tion compensated for the fall in pulmonary arterial pres- 
sure, and thus a fall in transmural pressure. Main- 
tenance of transmural pressure subsequently acted 
against too extensive closure of pulmonary capillary 
vessels and prevented an increase in pulmonary vas- 
cular resistance. An increase in transmural pressure— 
arising from an increase in either pulmonary arterial or 
left atrial pressure—passively widens the vessels and 






Fic. 7b. Left ventricle, showing focal perivascular emigration of 
polymorphonuclear leukocytes and monocytes within the myocar- 
dium (hematoxylin and eosin x 400). 
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decreases their resistance, and vice versa.?:*?? Gravita- 
tional forces, favoring flow to dependent areas in the 
lung, as documented by Rahn,?! could have modified 
this pattern. 

The physiologic dead space in bacteremic animals 
was found to be increased only at 3 hrs and remained 
essentially at this level. Since physiologic dead space is 
a function of pulmonary capillary perfusion,?* the data 
suggest that a fall in CO and possible redistribution of 
pulmonary blood flow, favoring flow to dependent lung 
areas, resulted in diminished pulmonary capillary 
perfusion. Steady decline of FRC during early 
bacteremia implied progressive closure of alveolar air 
space, probably due to development of atelectasis. This 
circumstance should contribute to an increased 
venoarterial admixture and thus lowering of arterial 
Po,. Our data do not permit a valid explanation of 
decline of intrapulmonary R-L shunt during bacteremia, 
while arterial.Po, was not different from intact controls. 
Theoretically one might expect a decline in R-L shunt 
during a fall in CO when the arterial Po, remains 
unchanged." The fact, however, that the arteriovenous 
oxygen difference was less after 3 hrs in bacteremic 
animals than controls might indicate either a defect in 
oxygen uptake, or a reduction in total oxygen 
consumption due to a fall in body temperature, or a 
combination of both. This pattern, together with 
reduced pulmonary capillary perfusion, could explain 
the improvement in R-L shunt. 

Whether the initial increase in respiratory minute 
volume is due to bacteremia or some related physio- 
logic stimuli cannot be answered. Since the develop- 
ment of impaired O, metabolism and hypothermia is a 
time-dependent pattern, and there was initially an in- 
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Fic. 7c. Left ventricle, showing interstitial edema with separation of 
extracellular collagen bundles by edema fluid (hematoxylin and eosin 
x 400). 
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crease in A-V DO, together with a fall in CO, we assume 
that the increased V,, contributed to compensation of 
the beginning pulmonary perfusion abnormality in 
order to maintain adequate oxygenation. After 3 hrs, 
however, when A-V DO, was less than in controls and 
CO remained decreased but unchanged, the V,, was 
found to be slightly reduced which resulted finally in 
a better match for the ventilation/perfusion ratio. 

Striking hemodynamic differences have been found 
in dogs subjected to endotoxic shock as compared with 
the hemodynamic events occurring due to injection of 
viable bacteria. Whereas splanchnic pooling as a 
cause of impaired venous return was observed during 
endotoxic shock, no evidence existed for this feature 
during septic shock due to injection of live bacteria. 

A variety of explanations have been proposed for 
depression of myocardial function in the inter- 
mediate and terminal phases of septic and endotoxic 
shock.?? Although our study implicates cardiac de- 
pression as a cause for hypotension during early 
bacteremia, the mechanism involved deserves further 
investigation. A recent report by Mela and Hinshaw! 
indicated that damage to the work capacity of the myo- 
cardium as a pump during the intermediate phase of 
shock occurs to some extent due to direct effects upon 
the myocardial contractile system, and that an initial 
energy crisis was not the crucial factor. Alteration of 
the contractile system has also been suggested by 
others." Our data demonstrated that impaired 
myocardial function occurred early at a time when 
severe metabolic derangements are not encountered,!? 
and when survival is to be expected.'* 

Histologic evaluation of the myocardium obtained 
from dogs at the end of the 5 hr bacterial infusion 
period revealed severe focal intercellular edema with 
scattered areas of perivascular and interstitial accumu- 
lation of inflammatory cells. As demonstrated in Fig- 
ures 7a—c, formation of edema resulted in severe dis- 
tortion of the normal cell arrangement. Whatever the 
cause, this structural damage to the heart may be cap- 
able of causing myocardial dysfunction. Kirklin™® 
pointed out that pathophysiologic states which in- 
crease the minimal resistance to coronary flow, such 
as myocardial edema formation, will diminish coronary 
vascular reserve. Since coronary heart disease is com- 
mon among patients subject to sepsis, it appears 
reasonable to infer that a patient with surgical in- 
fection may be prone to develop lethal cardiac com- 
plications. 

Our experimental data support the conclusion that 
cardiac depression occurs early in bacteremia and con- 
tributes te hypotension. Structural damage to the heart, 
as manifested by the development of myocardial 
edema, together with adverse metabolic derangements 
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5-19 and hypothermia, may account for myocardial de- 
pression. 
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Every day, healthy people 
leave the hospital- 


carrying resistant staph. 





*Ross, S. et al.: JAMA 229:1075 (Aug. 19) 1974. 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 


Combined Prostaphlin® (oxacillin sodium) 
Capsule and Oral Solution (11) PROSTAPHLIN 9/11/75 


For complete information, consult Official Package 
Circular 
Indications: Although the principal indication for oxacillin 
sodium is in the treatment of infections due to penicilli- 
nase-producing staphylococci, it may be used to initiate 
therapy in such patients in whom a staphylococcal infec- 
tion is suspected. (See Important Note below.) 

Bacteriologic studies to determine the causative or- 
ganisms and their sensitivity to oxacillin sodium should 
be performed 
Important Note: When it is judged necessary that treat- 
ment be initiated before definitive culture and sensitivity 
results are known, the choice of oxacillin sodium should 
take into consideration the fact that it has been shown to 
be effective only in the treatment of infection used by 
pneumococci Grop A beta-hemolytic streptococci and 
penisillin G-resistant and penicillin G-sensitive 
staphylococci. If the bacteriology report later indicates 
the infection is due to an organism other than a penicillin 
G-resistant staphylococcus sensitive to oxacillin sodium 
the physician is advised to continue therapy with a drug 
other than oxacillin sodium or any other penicillinase- 
resistant semisynthetic penicillin 

Recent studies have reported that the percentage of 
staphylococcal isolates resistant to penicillin G outside 
the hospital is increasing, approximating the high per- 
centage of resistant staphylococcal isolates found in the 
hospital. For this reason, it is recommended that a 
penicillinase-resistant penicillin be used as init 
for any suspected staphylococcal infection until culture 
and sensitivity results are known 

Oxacillin sodium is a compound that acts through 
mechanism similar to t of methicillin against peni 
G-resistant staphylococci. Strains of staphylococci resis- 
tant to methicillin have existed in nature and it is known 
that the number of these strains reported has been in- 
creasing. Such strains of staphylococci have been ca- 
pable of producing serious disease, in s 
resulting in fatality. Because of this, the 
widespread use of the penicillinase-resi penicillins 
may result in the appearance of an increasing number of 


































staphylococcal strains which are resistant to these 
penicillins 

Methicillin-resistant strains are almost always resistant 
to all other penicillinase-resistant penicillins (cross- 
resistance with cephalosporin derivatives also occurs 
frequently). Resistance to any penicillinase-resistant 
penicillin should be interpreted as evidence of clinical 
resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more 
than one penicillinase-resistant penicillin is tested against 
the same strain of staphylococcus 
Contraindications: A previous hypersensitivity reaction 
to any penicillin is a contraindication. 
Warning: Serious and occasionally fatal hypersensitivity 
(anaphylactoid) reactions have been reported in patients 
on penicillin therapy. Although anaphylaxis is more fre- 
quent following parenteral therapy it has occurred in pa- 
tients on oral penicillins. These reactions are more apt to 
occur in individuals with a history of sensitivity to multiple 
allergens 

There have been well documented reports of individu- 
als with a history of penicillin hypersensitivity reactions 
who have experienced severe hypersensitivity reactions 
when treated with a cephalosporin. Before therapy with a 
penicillin, careful inquiry should be made concerning 
previous hypersensitivity reactions to penicillins 
cephalosporins, and other allergens. If an allergic reac- 
tion occurs, the drug should be discontinued and the pa- 
tient treated with the usual agents e.g., pressor amines 
antihistamines and corticosteroids 
Precautions: Penicillin should be used with caution in 
individuals with histories of significant allergies and/or 
asthma 

The possibility of bacterial and/or fungal overgrowth 
should be kept in mind during long-term therapy. If over- 
growth of resistant organisms occurs, appropriate mea- 
sures should be taken 

As with any potent drug, periodic assessment of organ 
system function, including renal, hepatic, and 
hematopoietic, should be made during long-term 
therapy 

Experience in premature and newborn infants is lim- 
ited. Caution should be exercised in administration of the 
drug to such patients and frequent evaluation of organ 
system function is recommended 





staph 


Safety for use in pregnancy has not been established 
Adverse Reactions: The hypersensitivity reactions re- 
ported are skin rashes, urticaria, serum sickness and 
anaphylactic reactions. Oral lesions such as glossitis and 
stomatitis have been reported. Fever, eosinophilia, oral 
and rectal moniliasis have also n reported. Hemolytic 
anemia, transient neutropenia with evidence of granulo- 
cytopenia or thrombocytopenia, neuropathy, and neph- 
rotoxicity (oliguria, albuminuria, hematuria, pyuria, and/or 
cylindruria) are infrequent and usually associated with 
high doses of parenteral penicillin 

In some newborns and infants receiving high doses of 
oxacillin sodium (150 to 175 mg./Kg./day), transient 
hematuria, albuminuria, and azotemia have been encoun- 
tered. Although the causal relationship is not entirely 
clear, infants and newborns treated with high doses of 
the drug should be observed closely for signs of renal 
impairment 

One patient developed granulocytopenia while receiv- 
ing intravenous oxacillin sodium and vancomycin. The 
blood count returned to normal after both drugs were 
discontinued. Another patient reported to have 
leukopenia during intravenous therapy with oxacillin 
sodium. These counts were n while the patient was 
moribund. Thrombophlebitis h ccurred in a small per- 
centage of patients after intravenous therapy 
Usual Oral Dosage: Adu io 500 mg h. or 
q.6h. Children: 12.5 mg./Kg h. Administer on empty 
Stomach for maximum absorption 
Usual Parenteral Dosage: Adults: 250 to 500 mg. q.4h 
or q.6h. Children: 12.5 mg /Kg./q.6h. Children weighing» 
40 Kg. or more should receive the adult dose 

N INFECTIONS CAUSED BY GROUP A BETA- 
HEMOLYTIC STREPTOCOCCI SHOULD BE TREATED 
FOR AT LEAST 10 DAYS TO HELP PREVENT THE OC- 
CURRENCE OF ACUTE RHEUMATIC FEVER OR ACUTE 
GLOMERULONEPHRITIS 
Supplied: Capsules—250 and 
and 100. Injectable—250 m 
and 4 Gm. dry filled vials for 
—100 ml. bottles, 250 mg./5 
























































500 mg. in bottles of 48 
500 mg., 1 Gm., 2 Gm 

use. For Oral Solution 
when reconstituted 
A.H.F.S. Category 8:12.16 
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IN GRAM-NEGATIVE SEPSIS OF UNKNOWN ORIGIN 


WHAT IS 
THE TRUE MEASURE OF 
ANTIBIOTIC HUCT IVENESS 

























IN VITRO 


ACTIVE AGAINST MORE PATHOGENS 





measured 
agar dilution tests 


Using an agar dilution procedure, a com- 
parison of MIC values with average serum 
levels in humans showed that Amikin 
(amikacin sulfate) inhibited 10076 of 345 
Gram-negative clinical isolates (predomi- 
nantly enterobacteriaceae), excluding 
pseudomonas, at concentrations that should 
be readily achievable in serum following 
administration of recommended doses to 
humans ;* 93.0% of the strains were sus- 
ceptible to gentamicin. Amikin inhibited 
97.1% of the 104 pseudomonas isolates as 
compared to 80.876 for gentamicin. Of the 
110 Staphylococcus aureus strains, 10076 
were susceptible to Amikin and gentamicin. 


Caution, in vitro data cannot be directly correlated 
to clinical effectiveness. 


The usual single intramuscular Amikin dose in man 
is 7.5 mg/Kg which produces an average serum peak 
of about 20 mcg/ml. Strains considered susceptible 
were those inhibited by Amikin antibiotic concentra- 
tions of 20 mcg/ml or less. In the case of gentamicin, 
the susceptibility cutoff point used was 8 mcg/ml, 
the average peak serum level after a gentamicin 
dose of 2 mg/Kg. 


THAN GENTAMICIN AND TOBRAMYCIN' 


. 
determined by 
e e ege 
disc susceptibility method 
A total of 1862 bacterial isolates from 
Amikin clinical studies were tested for sus- 
ceptibility to Amikin (amikacin sulfate), 
gentamicin and tobramycin. Utilizing the 
Kirby-Bauer disc susceptibility method, 
93.8% of the strains were susceptible to 
Amikin, 77.5% to gentamicin and 78.0 76 
to tobramycin.§ 
$Because these isolates came from Amikin clinical 
trials, the incidence of gentamicin- and tobramycin- 
resistant organisms is higher than would be 
normally found. Some Amikin investigators had a 
large number of patients with gentamicin-resistant 


infecting organisms, such as Providencia stuartii 
and Serratia marcescens. 


<4 Amikin 93.8% 





gentamicin 77.57% 


<4 tobramycin 78% 





EFFECTIVENESS IN 
TODAY'S HOSPITAL INFECTIONS ' 


over 80% cure (465 out of 574) 


. R . . 

reported in serious infections 

Clinical trials were conducted among patients 
with serious Gram-negative infections. 
Patients ranged from children to elderly patients. 
Many had one or more of a broad variety of 
serious underlying diseases. The infections 
treated were serious Gram-negative infections: 
urinary tract infections, both simple and 
complicated, skin and soft-tissue infections, 
septicemia, peritonitis, intra-abdominal 
abscesses, burns, meningitis, osteomyelitis and 
septic arthritis. Pathogens included common 
and difficult-to-eradicate Gram-negative bac- 
teria, as well as gentamicin-resistant organisms. 
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In 1852 strains of bacterial isolates, 
average MIC values of susceptible pathogens 
were significantly below mean peak 
serum concentrations of 20 mcg/ml usually 
achievable in patients administered 7.5 mg/ 
Kg or 50 mg of Amikin (amikacin sulfate) 
by the intramuscular route. Mean peak serum 
concentrations were 2 to 18 times greater than 
mean MICs for bacteria susceptible to Amikin.' 

tCaution, in vitro data cannot be directly correlated 
to clinical effectiveness. 


LEVELS ABOVE 35 mcg/ml 
MAY LEAD TO INCREASED TOXICITY 


Mean MIC|| (mcg/ml) 


lIMean minimum inhibitory concentrations determined by _ 
agar dilution susceptibility test method in 1852 strains 
of bacterial isolates obtained from Amikin clinical trials. 


Please see last page for brief summary of 
prescribing information. 
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WELL-TOLERATED BY THE MAJORITY OF PATIENTS' 


As with other aminoglycosides, the most significant adverse 
reactions were ototoxicity and nephrotoxicity, which were reversible 
in some instances. Only 2 per cent of patients with adverse reactions 
had side effects definitely related to Amikin (amikacin sulfate). 
Auditory and renal adverse reactions were most frequent in patients 
with impaired renal function, patients treated for longer periods or 
with higher doses than recommended. Previous or concurrent treat- 
ment with other aminoglycosides or other known nephrotoxic or 
ototoxic drugs enhances the possibility of adverse reactions. 


DOSAGE AND ADMINISTRATION 


I.M. or IM administration for patients 
with normal renal function 


The usual recommended dose is 15 mg/Kg/day in2 or 3 equal 
doses administered at equally divided intervals. The total daily dose 
by all routes of administration should not exceed 15 mg/Kg/ day 
for the average weight person. For the heavier individual (greater 
than 100 Kg) the total daily dose should not exceed 1.5 Gms per day. 
In the unusual circumstances where treatment beyond 10 days is 
considered, the use of Amikin should be reevaluated and, if 
continued, renal and auditory functions should be monitored daily. 


...in patients with impaired renal function 


Doses may be administered either by administering normal doses 
at prolonged intervals or by administering reduced doses at a fixed 
interval. Renal and auditory function should be monitored daily. 


BRIEF SUMMARY OF 

PRESCRIBING INFORMATION 
AMIKIN™ (amikacin sulfate) 

For complete information, consult Official 
Package Circular. (1) AMIKIN 5/24/76 


Warnings: Patients treated with aminoglycosides 
should be under close clinical observation 
because of the potential ototoxicity and nephro- 
toxicity associated with their use. 

Ototoxicity, both auditory and vestibular, can 
occur in patients treated at higher doses or 
for periods longer than those recommended. The 
risk of amikacin-induced ototoxicity is greater 
in patients with renal damage. High frequency 
deafness usually occurs first and can be 
detected only by audiometric testing. 

The ototoxicity potential of amikacin in infants 
is not known. Until more safety reports become 
available, amikacin should be used in infants 
only in those specific circumstances when 
susceptibility testing indicates that other amino- 
glycosides cannot be used or are otherwise 
contraindicated, and when the infant can be 
observed closely for evidence of toxicity. 

Aminoglycosides are potentially nephrotoxic. 
Renal and eighth-nerve function should be 
closely monitored in patients with known or sus- 
pected renal impairment and also in those 
whose renal function is initially normal but who 
develop signs of renal dysfunction during 
therapy. Evidence of impairment in renal, ves- 
tibular or auditory function requires discontinua- 
tion of the drug or dosage adjustment. 

Serum concentrations should be monitored 
when feasible, and prolonged concentrations 
above 35 mcg./ml. should be avoided. Urine 
should be examined for increased excretion of 
protein, cells and casts. 

Concurrent and/or sequential use of topically 
or systemically neurotoxic or nephrotoxic anti- 
biotics should be avoided, 

Amikin should not be given concurrently with 
potent diuretics. 

Usage in Pregnancy: Amikin should be used in 
pregnant women only when clearly needed. 


Indications: Serious infections due to suscepti- 
ble strains of Gram-negative bacteria, including 
pseudomonas sp., E. coli, indole-positive and 
indole-negative proteus sp., providencia sp., 
€lebsiella-enterobacter-serratia sp.. and 










































acinetobacter sp. Culture and sensitivity studies 
should be performed. 

Clinical studies have shown Amikin to be 
effective in bacteremia and septicemia (including 
neonatal sepsis); in serious infections of the 
respiratory tract, bones and joints, central 
nervous system (including meningitis) and skin 
and soft-tissue; intra-abdominal infections (in- 
cluding peritonitis); and in burns and post- 
operative infections (including post-vascular 
surgery). Clinical studies have shown Amikin 
(amikacin sulfate) also to be effective in serious 
complicated and recurrent urinary tract infections 
due to these organisms. Aminoglycosides, includ- 
ing Amikin injectable, are not indicated in 
uncomplicated initial episodes of urinary tract 
infections unless the causative organisms are 
not susceptible to antibiotics having less 
potential toxicity. 

Bacteriologic studies should be performed to 
identify causative organisms and their suscepti- 
bilities to amikacin. Amikin may be considered 
as initial therapy in suspected Gram-negative 
infections and therapy may be instituted before 
obtaining the results of susceptibility testing. 
Clinical trials demonstrated that Amikin was 
effective in infections caused by gentamicin and/ 
or tobramycin resistant strains of Gram-negative 
organisms, particularly Proteus rettgeri, Provi- 
dencia stuartii, Serratia marcescens and 
Pseudomonas aeruginosa. The decision to con- 


tinue therapy with the drug should be based on 
results of the susceptibility tests, the severity of 
the infection, the response of the patient and 

the important additional considerations contained 
in the ‘‘Warning”’ box above. 

Amikin has also been shown to be effective 
in staphylococcal infections and may be con- 
sidered as initial therapy under certain conditions 
in the treatment of known or suspected staphylo- 
coccal disease such as, severe infections where 
the causative organism may be either a Gram- 
negative bacterium or a staphylococcus, infec- 
tions due to susceptible strains of staphylococci 
in patients allergic to other antibiotics, and in 
mixed staphylococcal/Gram-negative infections. 

Amikacin may be indicated in the treatment of 
neonatal sepsis when susceptibility testing 
indicates that other aminoglycosides cannot be 
used. In certain severe infections such as 
neonatal sepsis, concomitant therapy with a 
penicillin-type drug may be indicated because of 
the possibility of infections due to Gram-positive 
organisms such as streptococci or pneumococci. 
Contraindications: A history of hypersensitivity 
to amikacin. 

Warnings: See “Warning” box above. 
Precautions: Amikin is potentially nephrotoxic, 
ototoxic and neurotoxic. The concurrent or serial 
use of other ototoxic or nephrotoxic agents 
should be avoided either systemically or topically 
because of the potential for additive effects. 
Such agents include antibacterial drugs such as 
kanamycin, gentamicin, tobramycin, neomycin, 
streptomycin, cephaloridine, paromomycin, 
viomycin, polymyxin B, colistin and vancomycin 
as well as certain diuretic agents such as 
ethacrynic acid or furosemide. 

Adverse Reactions: Ototoxicity—See "Warning" 
box. 

Nephrotoxicity—Albuminuria, presence of red 
and white cells, casts, azotemia and oliguria 
have been reported. 

Other—Skin rash, drug fever, headache, 
paresthesia, tremor, nausea and vomiting, 
eosinophilia, arthralgia, anemia, hypotension. 
Dosage and Administration: The usual I.M. or 
|.V. dose with normal renal function is 15 mg./ 
Kg./day divided into 2 or 3 equal doses admin- 
istered at equally-divided intervals. For the 
heavier individual (greater than 100 Kg.), the 
total daily dose should not exceed 1.5 Gms. 
per day. 

When amikacin is indicated in newborns (see 
box ‘‘Warning"’), it is recommended that a 
loading dose of 10 mg./Kg. be administered 
initially to be followed with 7.5 mg./Kg. 
every 12 hours. 

The usual duration of treatment is 7 to 10 days. 
The total daily dose by all routes of administra- 
tion should not exceed 15 mg./Kg./day for the 
average-weight person. In the unusual circum- 
stances where treatment beyond 10 days is 
considered, the use of Amikin (amikacin sulfate) 
should be reevaluated and, if continued, renal 
and auditory functions should be monitored daily. 

For patients with impaired renal function, 
whenever possible, serum amikacin concentra- 
tions should be monitored by appropriate assay 
procedures. Doses may be adjusted in patients 
with impaired renal function either by admin- 
istering normal doses at prolonged intervals or 
by administering reduced doses at a fixed 
interval. 

The solution for intravenous use is prepared by 
adding the contents of a 500 mg. vial to 200 ml. 
of sterile diluent such as Normal Saline*r 
5% Dextrose in Water or any other compatible 
solution. 

The solution is administered over a 30- to 
60-minute period. 

Supplied: Rubber-capped vials as a ready-to-use 
sterile aqueous solution 100-mg., 500-mg., K 
and 1.0-Gm. vials. 
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Effect of Antrectomy on Gastric Hypersecretion Induced 
by Distal Small Bowel Resection 


_ A.W. HALL, M.B., CH.B., F.R.C.S. (EDIN. & ENG.), A. R. MOOSSA, B.Sc., M.B., CH.B., F.R.C.S. (EDIN & ENG.)., F.A.C.S., 
R. A. B. WOOD, M.B., Cx.B., M.R.C.P., F.R.C.S. (ENG.), G. E. BLOCK, M.D., M.S., F.A.C.S., D. B. SKINNER, M.D., F.A.C.S. 


Seven male Rhesus monkeys, with demonstrated gastric 
hypersecretory response to 50% distal small bowel resection, 
were studied. This increase in gastric acid output had persisted 
for more than 6 months. Precise, anatomical antrectomy 
without vagotomy was performed and intestinal continuity 
restored by gastroduodenostomy. Complete abolition of basal 
acid secretion and of the secretory response to histamine 
occurred. These effects could not be reversed by continuous (5 
hour) infusions of pentagastrin at 0.2 wg/kg hr“ or 2 g/kg 
hr^. The dose response curve to gastrin pentapeptide was 
altered; maximum secretion was greatly reduced and occurred 
at 10 g/kg hr !. Neither basal serum gastrin or basal serum 
GIP was significantly reduced by antrectomy. These findings 
indicate that in this animal model the antrum is essential in the 
genesis of the hypersecretory state. If these findings are relevant 
to man precise antrectomy may be the procedure of choice for 
symptomatic acid hypersecretion after small bowel resection or 


disease. 

HE GASTRIC ACID hypersecretory response to 
T major bowel resection is well established for the 
dog.*4 Recently the same has been shown to be true for 
the Rhesus monkey in our laboratory. In this model 
the effects persist unabated for more than 6 months and 
the possible relevance of this observation to man is 
suggested by reports of similar hypersecretion in 
Crohn's disease. To elucidate the mechanisms 
involved, precise antrectomy was performed on seven 
of the animals previously studied. The secretory 
profile, serial fasting serum gastrin and gastric inhibi- 
tory polypeptide (GIP) were again documented and the 
effect of short duration gastrin pentapeptide infusions 
investigated. 


Materials and Methods 


As previously described,’ gastric secretion, basal 
serum gastrin and basal serum GIP were studied in a 
group of 11 male Rhesus monkeys. Before each study 
the animal was fasted for et hours. with free access to 
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water and during all investigations was minimally 
sedated with phencyclidine (Sernylan) 1 to 1.3 mg/kg 
body weight. Each test consisted of two one hour basal 
acid collections during which a four milliliter venous 
blood sample was taken. A subcutaneous injection of 
histamine phosphate (Eli Lily and Co.) 0.04 mg/kg body 
weight was administered after which 8, 15 minute 
samples of gastric secretion were taken. This procedure 
was carried out four times at each of the following three 
phases—control, at 6 weeks and 6 months after 50% 
distal small bowel resection in each animal. Precise 
antrectomy was next performed in seven of these 
eleven monkeys. 


Operation 


After abdominal exploration to assess the condition 
of the jejunoileal anastomosis, the first part of duo- 
denum and lower half of the stomach were mobilized 
and freed from their vascular attachments. Through a 
wide antral gastrotomy the gastric mucosa was painted 
with an aqueous solution of Congo red. Acid secretion 
was stimulated by a subcutaneous injection of hista- 
mine phosphate and the stomach transected one centi- 
metre proximal to the boundary of the black stained, 
acid secreting mucosa. The duodenum was divided 
immediately beyond the pylorus. Intestinal continuity 
was restored by end-to-end gastroduodenal anasto- 
mosis: (Billroth I). Such a precise antrectomy ensures 
preservation of the vagal fibres to the body and fundus 
of the stomach.. : 


Post-antrectomy T. esting 


i A recovery, period of one month, was allowed after 
which four. further studies (acid secretion, basal serum 
gastrin arid basal serum e were pertormed at one 
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Fic. 1. Gastric secretory profiles for the entire group of monkeys 
at all phases -of the experiment. Results for each sampling point 
are shown as mean for group Ł1 S.E. M. 


week intervals. To assess the effect of altering the 
background of circulating gastrin, further studies were 
undertaken in the five monkeys showing least bile 
contamination of gastric juice. Into a sidearm of an 
intravenous saline infusion pentagastrin was added at a 
constant rate of 0.2 ug/kg hr (approximately half 
maximal) or 2.0 g/kg hr! (maximal) using a Harvard 
constant infusion pump. During.the first hour gastric 
lavage was performed and the secretion collectéd was 
discarded. Baseline, one hour samples were collected 
for a further two hours and then histamine phosphate 
0.04 mg/kg was administered: subcutaneously. Eight 
consecutive 15 minute specimens were taken. 

In the same five animals dosé-response curves for 
pentagastrin infusion were obtained. On the first 
occasion pentagastrin was infused at one, 2.5, 5, and 
10 ug/kg lir!,and on the second 5, 10, 20, and 
30 pg/kg hr-!. Each dose was infused for one hour. 
The gastric secretion aspirated in the first half hour at 
each rate was discarded and the second half hour col- 
lection analyzed; 


Anabiiéal Markods 


A 0.05 ml aliquot of each sample from every experi- 
ment was titrated against a solution of sodium hydrox- 
ide using phenol red as an indicator. On the occasions 
when the sample was alkaline it was back titrated 
against a weak hydrochloric acid solution (approxi- 
mately 20 mmol/L) which was then titrated against 
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the sodium hydroxide solution. Four titrations were 
performed on each sample. At the beginning and end 
of each series of estimations the sodium hydroxide 
solution was standardized against a hydrochloric acid 
standard (50 mmol/L). The acidity was expressed as 
millimoles per liter and from the volumes of gastric 
juice collected the acid output per unit time deter- 
mined. Results were expressed as millimoles per hour. 
Maximal stimulated acid output was calculated as twice 
the sum of the two highest consecutive 15 minute 
values after histamine injection. 

The serum was separated from each sample of 
venous blood, divided into two aliquots and stored at 
—60° until the end of the experiment when all assays 
were performed. Gastrin and GIP were estimated by 
radioimmunoassay, standards being run with every 
batch to ensure comparability. By these methods 8 
values for basal acid output and four for stimulated 
acid output, basal serum gastrin and basal serum 
GIP were obtained. 


Statistical Analysis 


The values for each parameter in individual 
animals were calculated as the arithmetic mean of the 
experimentally determined figures. The significance of 
the change in each factor was calculated for the 
group by a paired t test. P value of 0.05 or less were 
taken as being significant. | 


Results 


The results for 11 monkeys before and after 50% 
distal small bowel resection have been reported in 
detail elsewhere by Moossa et al.!? A comparison of 
the entire gastric secretory profile for all animals in 


i 


the pre-antrectomy phases (control, 6 weeks, and 6 : 


months after bowel resection) and post-antrectomy is 
shown in Figure 1. 
. For the 7 animals undergoing antrectomy basal acid 
output before any procedure had been performed was 
0.44 + 0.06 mmol/hr (+1 S.E.M.). In the first 6 weeks 
after 5096 distal small. bowel resection it'rose to 1.9 
+ 0.6 mmol/hr and at 6 months it was 2.1 + 0.5 
mmol/hr. After antrectomy no animal secreted a signifi- 
cant amount of acid in the basal state and 6 of the 7 had 
alkaline. stomachs. If alkalinity is expressed as a nega- 
tive output of hydrogen ions; the post-antrectomy out- 
put was —0.9 + 0.05 mmol/hr. This levelis significantly 
different from all pre-antrectomy phases including 
control (P « 0. 001). 

Maximal acid output showed similar changes. For 
the antrectomy group the control value was 3.14 + 0.16 
mmol/hr (+1 S.E.M.) rising to 3.58 + 0.6 mmol/hr at 


6 weeks and 3.37 + 0.4 mmol/hr at 6 months after bowel ~ 
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resection. After precise antrectomy no significant 
response to histamine was noted in any animal although 
three did show minimally acid peaks. For the entire 
group the peak output was —0.012 + 0.04 mmol/hr. 
Again this is significantly less than all the pre- 
antrectomy phases (P « 0.001). In every animal the 
change between pre-antrectomy values and post- 
antrectomy results was highly significant (P « 0.001) 
for both basal and stimulated acid output. 

- Infusion of pentagastrin for five hours at 0.2 ug/kg 
hr^* made no difference in any animal to either basal 
or histamine stimulated acid output. Pentagastrin at 
2.0 ug/kg hr did not alter the basal acid output 
but the stimulated acid output was significantly in- 
creased to 0.129 + 0.04 mmol/hr (P < 0.005). This 
however is still infinitesimal compared to E during 
the control period. 

“All five animals tested showed a peak response to 
pentagastrin at 10.0 ug/kg hrt. This was still small 
being 0.22 + 0.12 mmol/hr (+1 S.D.). The values for 
the ‘individual animals were ‘0.085 mmol/hr, 0.395 
mmol/hr, 0.204 mmol/hr, 0.231 mmol/hr, and 0. 162 
mmol/hr. 

Basal serum gastrin (which for the 7 monkeys had 
risen from 104 + 14 pg/ml to 153 + 21 pg/ml during the 
early post resection phase) did not change significantly 
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Antrectomy 
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Fic. 2. Changes seen in basal serum gastrin (pg/ml) over the course 
‘of the experiment. Shown is mean for 7 animals undergoing 
antrectomy +1 S.E.M. Six week result is significantly different 
from control and post antrectomy values (P « 0.05). All other 
points are within experiniental error of each other. 
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Fic. 3. Basal serum GIP (pg/ml) at various phases of the experiment 
as mean (7 animals) +1 S.E.M. Six week result is statistically 


different from control (P « 0.01). No difference exists between 
control, 6 month and post antrectomy values. - 


between the 6 months post bowel excision figure 
of 99.2 + 11 pg/ml and the post-antrectomy value of 
92.7 + 6 pg/ml (all figures +1 S.E.M.) (Fig. 2). Serum 
GIP showed a similar pattern (Fig. 3) changing from 
778 +95 pg/ml to 536 +160 pg/ml (+1 S.E.M.) 
(control and 6 week values for these animals were 
710 + 109 pg/ml and 1126 + 94 pg/ml respectively). 
Again the change was insignificant. 


Discussion 


Precise antrectomy without vagotomy has been 
shown to abolish gastric acid output and the response 
to histamine in the Rhesus monkey. In the dog 
the same procedure abolishes the early rise in acidity 
and the gastrin response to feeding.! These findings 
have been thought inapplicable to man as the opera- 
tion of vagotomy and antrectomy does not produce 
similar results. Vagotomy with pyloroplasty is known 
to elevate basal serum gastrin and the gastrin response 
to food.’ Unless care is taken to mark out the antrum 
at operation, a tongue of antral tissue is left on the 
lesser curve by the standard antrectomy procedure. 
Understandably no reports are available on the effects 
of precise antrectomy in the normal patient: Kragelund 
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et al.” reported a virtual abolition of the gastric acid 
response to a single dose of pentagastrin and to 
insulin induced hypoglycaemia in patients undergoing 
precise antrectomy for gastric ulceration. Broomé and 
Olbe,’ performing the same operation in patients with 
duodenal ulceration, noted only a 50% reduction in 
response to these stimuli. It might be that this is a 
manifestation of some abnormality in parietal cell func- 
tion in patients with duodenal ulceration. 

We are able to confirm the findings of Rosato et al. 
for acid output and further, have shown this to be 
true even when hypersecretion is induced by 50% 
bowel resection before antrectomy. It has not been 
possible to confirm their findings as regards reduction 
in basal serum gastrin. Two possible explanations for 
this exist. Firstly, they may have removed more of 
the duodenal bulb (which might be an important 
source of immunoreactive gastrin) than in the operation 
described in this paper. Secondly, the sensitivity of the 
immunoassays used to the various molecular forms of 
gastrin may have been different. 

The pre-antrectomy levels of acid output and re- 
sponse to histamine could not be restored by con- 
tinuous infusions of pentagastrin at 0.2 ug/kg hr>! or 
2.0 ug/kg hrt. As Rosato et al." have shown that the 
intact Rhesus monkey responds to pentagastrin in the 
same doses as man, these infusions should have 
elicited approximately half maximal and maximal 
responses. The dose-response curve was moved to the 
right (maximal secretion occurring at 10 wg hr-?) and the 
maximal response was greatly reduced. These effects 
could be brought about by atrophy, a true change in 
responsiveness, or destruction of the parietal cells. 
Atrophy of the parietal cells (especially due to: bile 
reflux gastritis) is not a strong possibility. The condi- 
tion appeared within four weeks of antrectomy,; was 
not progressive, the same degree of response being 
elicited from each animal over the 7 months of the 
experiment, and appeared ‘equally pronounced in those 
animals having no obvious bile contamination of the 
samples. To exclude this possibility and to avoid the 
loss of gastric juice, Rosato et al. acutely (four 
weeks) studied a group of animals in which intestinal 
continuity: was not restored. In these the acid 
response disappeared within 24 hours and showed no 
sign of returning at four weeks! It would appear that, 
to respond, the fundic mucosa requires either a con- 
tinuous background of antral gastrin which cannot be 
replaced by short term infusions of gastrin penta- 
peptide, or the presence of some other, as yet un- 
identified, antral factor. 

In dog, antrectomy is reported to greatly reduce the 
hypersecretory response to bowel excision and Thiry 
fistula formula.977 When resection is performed in 
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previously antrectomised animals,? some increase in 
acid output still occurs but is less than when enterec- 
tomy alone is performed. These findings suggest that 
the antrum is an essential intermediary in acid secre- 
tion rather than being specifically implicated in post 
resection hypersecretion. 

Two theories exist to explain gastric hypersecretion 
following bowel excision. The first suggests that the 
intestine is an essential site for degradation of the 
active forms of gastrin. Our inability to show a rela- 
tionship between basal acid secretory changes and 
alterations in serum gastrin after resection could be 
explained by an alteration in the ratio of the various 
molecular forms as no fractionation of the sera was 
performed. Likewise, our demonstration of normal 
serum gastrin levels after antrectomy may also be mis- 
leading. In the face of virtual anacidity, hypergas- 
trinaemia should be expected. 

The second theory hypothesizes the loss of some 
inhibitory substance brought about by bowel resection. 
Disinhibition of the stomach is thus allowed. If this 
is true, the inhibitor must act on the antrum or by 
reducing the sensitivity of the parietal cells to antral 
humoral release. Our data does not support GIP as a 
candidate for this action. 

By whatever mechanism it acts, the antrum appears 
to exert a permissive effect on both basal and 
stimulated acid secretion which cannot be restored by 
Short term pentagastrin infusions. Antrectomy is effec- 
tive in reducing acid secretion in both the normal 
monkey and that rendered hypersecreting by bowel 
resection. Ín. 1960 Craig and Stewart? reported a 
benign course in a patient undergoing massive bowel 
resection following a previous gastrectomy. Since then 
other cases have been reported to respond well to 
measures controlling gastric secretion.!'!6 The findings 
both in monkeys and dogs suggest that in patients 
troubled by acid hypersecretion following extensive 
enterectomy, antrectomy must be considered as a 
therapeutic. possibility. The unconventional treatment 
of duodenal ulceration by precisé antrectomy without 
vagotomy may be indicated in patients developing the 
condition who have extensive small bowel disease 
or previous small bowel resection. 
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Changes in Humoral Components of Host Defense 


Following Burn Trauma 


ANN B. BJORNSON, PH.D., WILLIAM A. ALTEMEIER, M.D., H. STEPHEN BJORNSON, M.D., PH.D. 


Serum opsonic activity for E. coli 075, conversion of C3 
by inulin, total hemolytic complement (CH,,), levels of native 
C3, factor B, C3b inactivator (KAF), properdin (P), and 
immunoglobulins (Ig) were determined in 14 patients with 
burns involving 13% to 91% body surface during 6 to 8 weeks 
postburn. In the 12 uninfected patients, levels of IgG and 
IgA were reduced during the first 10 days postburn, and 
decreased concentrations of P and IgM were demonstrated 
from three to 6 weeks postburn. C3 conversion was reduced 
from 10 days to 6 weeks postburn. Levels of C3, factor B, and 
KAF were normal or elevated for the entire study period. 
No difference in the occurrence of humoral abnormalities 
was noted in patients with burns caused by flame, immer- 
sion scald, or acid contact. Reduction in C3 conversion and 
P concentration were the only abnormalities which correlated 
with increasing burn size. Bacteremia and/or fungemia was 
documented in the other two patients. In one of these patients, 
reduction in CH occurred during septicemia due to S. aureus, 
and in the other, reduction in all measurements of complement 
was associated with candidemia and Pseudomonas septicemia 
and occurred prior to the development of shock. Serum 
opsonic activity was only reduced significantly during sepsis, 
suggesting that this abnormality occurred as a result rather 
than a cause of infection. These results indicate that con- 
sumption of components of the classical and/or alternative 
pathways of complement activation may be an important 
mechanism by which infection is perpetuated in the burn 
patient. They also emphasize the importance of the clinical 
management of the burn patient in preventing the develop- 
ment of septic complications. 


NFECTION CONTINUES to be a primary cause of 

death in patients with extensive burns. Manage- 
ment of infection in these patients has classically in- 
volved antibiotic therapy and the meticulous care of the 
burn wound. However, in addition to these thera- 
peutic modalities, attention has recently been focused 
upon defining immunological abnormalities of the burn 
patient which may predispose him to microbial infec- 
tion. If such changes could be shown to predispose 
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or to perpetuate infection in the burn patient, the 
possibility of new therapeutic approaches exists which 
could be anticipated to decrease the incidence of in- 
fection and to improve survival. 

Previous studies of humoral host defense mecha- 
nisms have revealed that serum opsonic activity,” 
levels of immunoglobulins,?~* and classical comple- 
ment components’? are reduced in burn patients 
during the acute burn phase. Studies performed in the 
late 1950s, utilizing the ‘‘zymosan assay,” suggested 
that properdin was present in low or undetectable 
levels in randomly obtained burn sera.’ The present 
study was performed to determine the temporal 
sequence of abnormalities of immunoglobulins and of 
the classical and alternative pathways of complement 
activation in burn patients, the relationship of the 
abnormalities to the severity and type of burn injury, 
and to the occurrence of septicemia. 


Material and Methods 
Patients 


Fourteen patients with varying degrees of thermal 
injury were studied. Clinical data on the patients are 
given in Table 1. All patients received an intra- 
muscular injection of 25 ug/kg of P. aeruginosa poly- 
valent vaccine (Parke-Davis and Co., Detroit, Mich.) 
upon admission, 4 and 8 days thereafter, and then at 
weekly intervals. Antibiotics, whole blood, and plasma 
expanders were given at the discretion of the attend- 
ing physicians; none of the patients received fresh 
frozen plasma during the period of study. 


. 


Collection of Blood 


* 


Blood and blood cultures were obtained from 
all patients on admission, and one or two times weekly 
thereafter for up to $0 days postburn. The blood 
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samples for serologic studies were allowed to clot for 
one hour at room temperature, then for one hour at 
4°, and were centrifuged at 5,000 x g. The sera were 
removed, dialyzed against phosphate buffered saline, 
pH 7.3, containing 5 x 107* M MgCl, and 1.5 x 1074 M 
CaCl, overnight, divided into aliquots, and frozen at 
—70°. Dialysis was performed to remove antibiotics 
and to standardize the concentrations of Mg^* and 
Ca** in the sera. Normal human sera were collected 
from 15 healthy adult donors, dialyzed in a similar 
fashion, and stored individually or as a pool at —70°. 
Normal human serum depleted of properdin (RP) was 
prepared by the method of Todd et al. Factor 
B-depleted serum was prepared by heating normal 
serum at 50° for 30 min.!? 


Measurement of Serum Opsonic Activity 


Serum opsonic activity was determined by a minor 
modification of the in vitro method of Hirsch and 
Strauss! by using E. coli 075.? Phagocytic cells 
were derived from peripheral blood of normal human 
donors as previously described." Briefly, 1.0 x 10$ 
bacteria and 5.0 x 108 leukocytes were incubated with 
296 of the test serum in a final volume of 1 ml of Hank's 
Balanced Salt Solution with sodium bicarbonate 
(HBSS) (Microbiological Associates Inc., Bethesda, 
Md.). Two per cent was found to be the minimal con- 
centration of pooled normal human serum which pro- 
moted maximal phagocytosis of the bacteria. HBSS 
was substituted for the leukocytes in the controls. 
Duplicate reaction mixture and control tubes were ro- 
tated end over end at 12 rpm for three hours at 37°. 
The reaction mixtures were centrifuged at 100 x g for 
five minutes, and the supernatants were removed. 
The number of extracellular bacteria surviving in the 
controls and supernatants of the reaction mixtures 
was determined by plating three tenfold dilutions of 
the samples in distilled water on brain-heart infusion 
agar and colony counting after overnight incubation. 
The per cent of microorganisms phagocytosed was 
then determined by the formula a — b/a x 100, where a 
was the ‘number of bacteria surviving in the control 
lacking leukocytes and b was the number of bacteria 
surviving in the supernatant of the corresponding 
reaction mixture containing leukocytes. 


Purified Proteins and Antisera 


Human factor B was purified according to the method 
of Gotze and Muller-Eberhard.!?^ Properdin was iso- 
lated by the method of Pensky et al.'* except that a 

` euglobulin fraction of human serum rather than serum 
reacted with zymosan was utilized as the starting 
material. By polyacrylamide gel electrophoresis, the 
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TABLE 1. Clinical Features of 14 Patients with Burn Injury 


Body Surface 


Injured 
Third ' 
Patient Cause of Total : Degree 

Group No. Age* Sext Burn % % 
A 1 5 F flame 75 70 
2 21 M flame 73 56 

3 3 F flame 60 42 

B 1 59 M flame 45 28 
2 9 F flame 49 15 

3 9 M flame 48 14 

4 2 M flame 45 15 

C 1 43 M flame 40 7 
2 49 M flame 30 6 

3 11 M flame 13 10 

I 30 M flame 91 2 

II 2 F immersion 37 30 

scald 
Ht 16 F sulfuric acid 60 50 
contact 
IV 39 F flame 70 37 


* Patients ranging in age from 2 to 11 years were hospitalized 
at the Shriners Burn Institute and patients over 15 years of age 
were hospitalized at the Cincinnati General Hospital. 

+ M = male, F = female. 


final preparations of properdin and factor B were found 
to contain trace amounts of contaminating gamma glob- 
ulin. Human C3b inactivator (KAF) and C3 were pur- 
chased from Cordis Laboratories, Miami, Fla. 

Antibody was raised in goats by multiple subcu- 
taneous injections of the respective partially purified 
protein in saline containing 0.01 M EDTA, pH 7.0, 
incorporated in Freund’s complete adjuvant. Anti- 
serum to B antigen of C3 was prepared by absorbing 
antiserum to C3 with the minimal amount of aged 
normal human serum which fully removed antibodies 
to the A and D antigens. The antiserum to factor 
B was absorbed with heated normal serum (50°, 
30 min). The antiserum to properdin was absorbed 
with RP, and the antiserum to KAF was absorbed 
with normal human serum heated at 56° for two hours; 
the procedures removed antibodies to contaminating 
proteins. Each of the absorbed antisera in agarose 
yielded single lines against normal human serum in 
immunoelectrophoresis and double immunodiffusion 
and complete identity in double immunodiffusion with 
reference goat antiserum to each respective protein. 
The reference antisera to factor B, KAF, properdin, 
and B antigen of C3 were generously provided by 
Dr. Clark D. West, Children’s Hospital Research 
Foundation, Cincinnati, Ohio. Rabbit antisera to 
human IgG, IgM, and IgA were purchased from 
Behring Diagnostics, Somerville, N.J. 
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Fic. 1. Levels and activities of components of the classical 


and alternative pathways of complement in the sera of 10 patients 
with increasing burn sizes. The average burn ratio (total burn size 
(%)/area of third degree burn (%) was 69/56 for group A, 47/18 for 
group B, and 27/8 for group C. Refer to Table 1 for data on 
individual patients in each group. The shaded areas represent the 
variation for 15 normal sera (mean + 1 SD), and the vertical bars 
represent 1 SD. The arrows refer to 99.9% opsonization. * p < 0.005 
vs. controls. 


Radial Immunodiffusion Assays 


: Single radial immunodiffusion was performed by a 
minor modification of the method of Mancini et al.?® 
For assaying concentration of B antigen of C3, 
factor B, and KAF, agarose (196) dissolved in veronal 
buffer (u = 0.05, pH = 8.6) containing 0.04 M EDTA 
was used. For assaying properdin concentration, aga- 
rose (0.6%) dissolved in phosphate buffered saline, 
pH 7.0, containing 0.01 M EDTA was used. For 
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assays of Ig levels, agarose (1%) dissolved in phos- 
phate buffered saline, pH 7.0 was used. An appropriate 
dilution of antiserum in agarose was poured into plastic 
plates which were stored at 4° for up to two days. 
For assays of B antigen of C3, factor B and Ig levels, 
thirty 2 mm diameter wells were made on each plate, 
and 3 pl of serum were delivered into each well. 
For assays of KAF and properdin concentration, 4 
mm diameter wells were made on each plate, and 10 
pl of serum were delivered into each well. The un- 
knowns and serial dilutions of the standard serum for 
the protein being measured were placed in the wells and 
diffusion was carried out at room temperature for 
18 hours (C3, factor B, KAF, and Ig) or at 37? for 
72 hours (properdin). All determinations were per- 
formed in duplicate. Normal reference serum for B 
antigen of C3 was generously provided by Dr. C. D. 
West. Normal reference sera for Ig and factor B 
levels were obtained from Behring Diagnostics (lot 
173B), and for properdin and KAF levels, was a pool 
of 24 normal human sera. 


Measurement of C3 Conversion and Hemolytic Com- 
plement 


Inulin (100 mg/ml) suspended in saline was added 
to burn or normal serum in the proportion of 10 mg 
per ml of serum, and the mixture was incubated for 1 
hour at 37°. Concentration of B antigen of C3 was 
determined by radial immunodiffusion before and after 
incubation with inulin, and the difference in concentra- 
tion was taken as a measure of C3 conversion. 
Conversion of C3 in normal or burn sera was not found : 
to occur during a one hour incubation period in the ` 
absence of inulin. 

Hemolytic complement was titrated by the method of 
Kabat and Mayer.!? 


Statistical Analysis 


The unpaired t-test was used to compare data be- 
tween patients and normal controls. P < 0.005 was 
considered to be statistically significant. ° 


Results 


Relationship between Complement Levels and Ac- 
tivities and the Severity and Type of Burn Injury 


Levels and activities of complement were deter- 
mined in the sera of ten patients with injuries caused 
by flame burns, and the data were grouped accord- 
ing to burn size. Clinical information on the patients 
within the groups is shown in Table 1. In thé patients 
with the largest burn sizes (group A), C3 conversion 
by inulin became significantly reduced after the first 
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10 days postburn and remained markedly reduced 
through the forty-first to fiftieth day postburn period 
(Fig. 1) C3 conversion in the patients with intermedi- 
ate burn sizes (group B) was also reduced during 11 to 
40 days postburn; however, the reduction was sig- 
nificant only during the twenty-first to thirtieth post- 
burn day period. Conversion of C3 by inulin in patients 
with the smallest burn sizes (group C) was normal for 
the entire study period. Properdin levels were sig- 
nificantly reduced in all three groups of patients 
during the first 10 days postburn. Properdin levels 
remained significantly reduced during 30 days post- 
burn in group A and during 20 days postburn in 
group B; properdin levels were subsequently restored 
to normal in both groups. Properdin levels were 
restored to normal in group C during the 11th to 20th 
postburn day period. Serum opsonic and hemolytic 
activities were reduced concurrenily in group A during 
the first 10 days postburn; the reduction was not, 
however, statistically significant. In groups B and C, 
opsonic and hemolytic activities were normal for the 
entire duration of the study. Levels of native C3, KAF, 
and factor B were normal or elevated in groups B and 
C for the entire study period. In group A, C3, factor 
B, and KAF levels were reduced during the first five 
days postburn, however the reduction was not 
significant. 

Complement levels and activities following extensive 
second degree thermal injury (patient I), and burn 
injuries caused by immersion scald (patient II), or by 
contact with sulfuric acid (patient III) are shown in 
Fig. 2. In patients I and II, C3 conversion was 
normal during the first 10 days postburn, was 
reduced during 11 to 40 days postburn, and was re- 
stored to normal during the 41st.to 50th postburn 
day period. In contrast, in patient III with acid 
burns, C3 conversion by inulin was not reduced 
until the 21st to 30th postburn day period and re- 
mained reduced for the entire study period of 60 days 
postburn. Properdin levels in patients I and II were 
initially reduced, but were restored to normal by the 
3Ist to 40th postburn day period. In patient III, 
properdin levels remained depressed through the 60th 
postburn day. Serum opsonic and hemolytic activities 
were only reduced in the serum of patient II. Reduc- 
tions in these activities occurred concurrently during 
the first 10 days postburn, and thereafter returned to 
normal or elevated levels. Levels of C3, KAF, and 
factor B were normal or elevated in all of the three 
patients for the duration of the study. 


Septic Complications of Burn Trauma 


During the period of observation, two of the 14 
patients had sepsis as documented by chilis, fever, 
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Fic. 2. Levels and activities of components of the classical 
and alternative pathways of complement following extensive second 
degree thermal injury (Patient I) and burn injuries caused by im- 
mersion scald (Patient IT) or by sulfuric acid contact (Patient III). 


hypotensive episodes, and positive blood cultures. 
Patient II developed sepsis with S. aureus on the 
third postburn day associated with subclavian cathe- 
terization. Positive blood cultures for S. aureus were 
obtained on days three and 6; blood cultures were 
negative thereafter in this patient. Patient IV had 
multiple septic episodes during her clinical course 
and died of septic shock on the 42nd postburn 
day. In this patient, positive blood cultures were 
obtained on day five with P. aeruginosa, on day 19 
with P. aeruginosa and C. albicans, and on days 33 
and 41 with C. albicans. 


Complement Abnormalities Associated with Burn 
Trauma and Septic Shock 


The complement profile in patient IV who had 
severe thermal injury and sepsis was different from 
that seen in uncomplicated burn trauma (Fig. 3). 
Levels of native C3, factor B, and KAF were low 
initially, were restored to normal during the 6th to 
10th postburn day period, and then became reduced 
during the thirty-first to fortieth postburn day period 
prior to the development of shock. Concentration of 
properdin and conversion of C3 by inulin were 
markedly reduced during the entire 40-day period. 
Serum opsonic and hemolytic activities were reduced 
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concurrently during the first 10 days postburn and 
then again during the twenty-first to fortieth postburn 
days. These results indicate that consumption of the 
classical and alternative complement pathways can 
occur in association with the development of septic 
shock in the thermally injured patient. 


. Immunoglobulin Levels Following Burn Trauma 


Because of the differences in immunoglobulin 
levels during various phases of human development, 
the data were grouped according to two age categories, 
0 to 3 years and 9 to 59 years (Fig. 4). In both groups, 
levels of IgA and IgG were significantly reduced during 
the first five days postburn. In the older group, levels 
of IgG and IgA were restored to normal during the 
sixth to the tenth postburn day period, and remained 
normal for the duration of the study. In the younger 
group, levels of IgA were restored to normal during 
the sixth to tenth postburn day period, although IgG 
levels were not fully restored to normal until the 
twenty-first to thirtieth postburn day period. IgM 
levels in both groups were significantly reduced 
during the entire 40-day period. Differences in immuno- 
globulin pattern were not found to be related to the 
type or severity of the burn injuries or to the pres- 
ence of sepsis. 


Effect of Normal Human Serum on Restoration of 
Opsonic Activity and C3 Conversion in the Burn Sera 


In an attempt to elucidate the reasons for reduction 
in opsonization and C3 conversion in the burn sera, 
50% of pooled normal human serum was added to 
50% of the burn sera, and opsonization and C3 con- 
version were determined. The volume of pooled normal 
serum used in these opsonic assays (1%) did not pro- 
mote phagocytosis of the test strain of E. coli by 
itself. However, it fully restored the ability of patients’ 
sera to promote phagocytosis (98% to 99.9%), sug- 
gesting that reduction in opsonization was related to 
a deficiency of serum proteins. For these experiments, 
sera with reduced opsonic activity obtained from 
Patients II and IV were used. Conversely, C3 con- 
version by inulin in sera from Patients I to IV and 
from the patients in groups A and B was not always 
fully restored to normal by 50% normal serum. In 
most of the burn sera, C3 conversion ranged from 
096 to 4296 after addition of normal serum. Addition 
of 5096 normal serum to serum depleted of properdin 
or factor B restored C3 conversion by inulin to normal 
(5596 and 6896 respectively); C3 conversion in the 
depleted sera before addition of normal serum ranged 
from 0% to 18%. Since normal serum was capable 
of restoring C3 conversion in sera depleted of compo- 
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nents of the alternative complement pathway, these 
findings suggested that reduction in C3 conversion in 
the burn sera was not related to a deficiency of serum 
proteins but possibly to the presence of an inhibitor. 


Discussion 


The competence of the alternative and classical path- 
ways of complement activation was studied in patients 
following burn injury, and abnormalities of both path- 
ways were demonstrated. The protein interactions in- 
volved in classical complement pathway activation 
have been defined and are widely accepted.!? How- 
ever, the proteins required for alternative pathway ac- 
tivation are not well understood and continue to be 
actively investigated. The most recent evidence sug- 
gests that the initial stage in the conversion of C3 by 
zymosan or inulin requires native C3, factors B and D, 
and initiating factor, a newly discovered 8 globulin 
which reacts immunochemically with C3 nephritic 
factor./?! C3b, which is generated during C3 con- 
version, initiates a positive feedback mechanism by 
modulating the conformation of factor B so that this 
molecule can be activated by factor D.??-** Properdin 
(P), which was originally postulated to be required for 
formation of the initial C3 convertase,” has 
recently been shown to stabilize the enzyme C3b,B 
which is formed by the feedback mechanism.?'?* 
Both C3b,B and stabilized C3b,P,B serve as C3 and 
C5 convertases, suggesting that properdin functions as 
a modulator of an already assembled enzyme. The C3 
and C5 convertase functions of C3b,P,B are inhibited 
by fluid phase C3b which causes dissociation of 
factor B. 

The question of the role of immunoglobulins in 
activation of the alternative pathway is unanswered. 
Available evidence indicates that activation by inulin 
or zymosan may occur in the absence of immuno- 
globulins.?! On the other hand, antibody of IgG class 
has been shown to participate in lysis of measle-virus- 
infected cells?? and in opsonization of P. aeruginosa !??? 
and $. pneumoniae?? via the alternative pathway. 

The chánges in the alternative pathway of comple- 
ment activation which were shown to occur following 
burn injury are as follows: a) properdin was reduced 
in the burn sera during the first 30 days postburn, 
b) the C3 converting activity of the sera by inulin was 
reduced after the first 10 days postburn and was 
normalized by the seventh week, and c) levels of 
native C3, KAF, and factor B were increased during 
6 to 8 weeks postburn. Reduction in the C3 convert- 
ing activity and properdin concentration occurred 
with the 'same frequency in young and older patients 
and correlated with increasing burn size although no 
correlation between the two abnormalities was demon- 
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Fic. 4. Levels of immunoglobulins following burn trauma. The 
solid line represents the mean immunoglobulin levels in 14 patients 
ranging in age from 5 to 59 years (mean age of 31), and the 
dotted line represents the mean immunoglobulin levels in three 
patients under the age of four. The shaded areas represent the 
variation for 10 age-matched normal sera (mean +1 SD), and 
the vertical bars represent 1 SD. * p < 0.005 vs. controls. 
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strated. The finding that C3, KAF, and factor B were 
elevated in the burn sera suggests that these compo- 
nents are probably acute phase reactants in the ther- 
mally injured patient. Patients with the smallest burn 
sizes had the most striking increase in the levels of 
C3, KAF, and factor B, probably because they were 
not losing as much protein through their burn wounds 
as the patients with the larger burns. 

Reduction in the C3 converting activity of the burn 
sera appeared to be related to the presence of an 
inhibitor, since it could not be fully corrected by addi- 
tion of normal human serum. However, it will be 
necessary to demonstrate that addition of a purified 
factor from burn serum reduces C3 conversion in 
normal serum before any conclusions regarding the 
nature of the reduction in C3 conversion can be drawn. 
It is, however, interesting to speculate that a factor 
produced by tissue injury is responsible for this abnor- 
mality of the alternative complement pathway. The sig- 
nificance in the reduction in properdin following burn 
injury is difficult to evaluate since properdin has 
recently been shown to play an ancillary role in 
the formation of C3 and CS alternative pathway 
convertases.?:77 
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A decrease in serum IgG was also observed in the 
burn patients during the early postburn period with 
children under the age of four showing the most severe 
and prolonged deficiency, lasting up to 30 days post- 
burn. In both young and older burn patients, levels 
of IgA were only reduced during the first five days 
postburn. In all patients, levels of IgM were reduced 
during the entire 40-day postburn period. Our results 
confirm those of other investigators who have deter- 
mined immunoglobulin patterns following burn 
trauma,** although a more prolonged decrease in IgM 
level was demonstrated in our study. The absence 
of a significant difference in immunoglobulin levels in 
patients with large and small burns and the marked 
depression in IgM level indicate that exudative loss of 
protein from the burn surface is probably only par- 
tially responsible for the observed changes. Increased 
catabolism and/or decreased synthesis of immuno- 
globulins are probably responsible for the observed 
abnormalities. 

No differences in the occurrence of abnormalities 
of immunoglobulins or complement were noted in 
patients with burns caused by flame, immersion scald, 
or contact with sulfuric acid. However, in the patient 
with acid burns, the onset of reduction in C3 con- 
version occurred during the third to fourth postburn 
week rather than after 10 days postburn. In addition, 
properdin in this patient’s serum was not restored to 
normal during the entire study period of 60 days 
postburn. The difference in the temporal sequence of 
these abnormalities in relation to burns caused by 
flame or immersion scald may be related to the type of 
burn injury. Sulfuric acid does not burn tissue by hy- 
perthermic activity; rather, it coagulates protein by 
desiccation.’ 

A cause and effect relationship could not be estab- 
lished between any of the observed abnormalities of 
immunoglobulins or complement and the development 
of septicemia since only two of the study patients 
became septic. However, preliminary evidence indi- 
cated that consumption. of components of the classical 
and alternative complement pathways was associated 
with and was possibly caused by infection. Reduction 
in the classical complement pathway occurred during 
the first 10 days postburn in an infant who developed 
sepsis with S. aureus on the third postburn day, 
which persisted through the sixth day. Reduction in 
the classical and alternative pathways of complement 
activation was also observed in a 39-year-old female 
who had multiple episodes of Pseudomonas septicemia 
and candidemia during her clinical course and who 
died of septic shock, Fearon et al.?? have demonstrated 
reduction in components ofthe classical and alternative 
complement pathways in a series of medical patients 
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with gram-negative bacteremia associated with shock, 
and have suggested that biologically active products 
released during activation of C3 through C9 by the 
bacteria contributed to development of shock. Our 
findings, although preliminary, suggest that treatment 
of thermally injured patients with fresh frozen plasma 
during periods of septicemia would be of considerable 
therapeutic value. The potential advantage of this 
therapy would be the replacement of unactivated com- 
plement components which would presumably serve to 
replace essential opsonins for the infecting micro- 
organisms. 

Abnormalities of immunoglobulins and of the 
alternative complement pathway were observed in 
burned patients with and without septicemia. How- 
ever, reduction in the classical pathway of comple- 
ment activation was only observed in the burned 
patients during septicemia. Fjellstrom and Arturson 
previously demonstrated reduction in C1, C4, C2, and 
C3 in severely burned patients and suggested that 
infection might be a possible cause for this complement 
deficiency. ^ A study of the specific components of 
the classical pathway which are activated in burned 
patients during septicemia will be the subject of 
further investigation. 

The classical complement pathway was shown to be 
utilized preferentially during opsonization of E. coli 
075. In the presence of an intact alternative path- 
way C3 convertase, reduction in the opsonic activity 
of the burn sera for E. coli 075 was only observed 
when total hemolytic complement was also reduced. 
However, Jasin previously demonstrated that in 
agammaglobulinemia serum depleted of Clq, factor B 
of the alternative complement pathway was required 
for opsonization of this microorganism.” Several 
explanations for these contradictory observations are 
as follows: a) If properdin were required for opsoniza- 
tion of E. coli 075, then reduction in the properdin 
level of the burn sera might divert activation from 
the alternative to the classical complement pathway. 
In this regard, we have shown that normal human 
serum depleted of properdin supports normal opsoniza- 
tion of E. coli 075, suggesting either that properdin 
is not required for opsonization or that in the absence 
of properdin the classical complement pathway is 
utilized. b) The classical complement pathway may 
be activated in the burned patients during opsoniza- 
tion of E. coli 075 because sufficient antibodies are 
present in the sera which react with the microorganism 
and bind Cl. These antibodies may naturally exist 
in human sera or may be produced in the burned 
patients nonspecifically as a result of the administra- 
tion of P. aeruginosa vaccine. All of the study patients 
received 25 pg/kg of the vaccine upon admission, 
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four and 8 days thereafter, and then at weekly inter- 
vals. c) Only in the complete absence of immuno- 
globulin is the alternative pathway activated by E. coli 
075. Future studies will be designed to determine if 
E. coli 075 can activate the alternative pathway in 
normal human serum and to compare heat-stabile 
opsonizing antibodies to this microorganism in normal 
individuals and in vaccinated and nonvaccinated 
burned patients. l 
One of the most important findings of this investi- 
gation was that multiple abnormalities of humoral 
components of host defense were demonstrated in 
patients who did not develop systemic infection. This 
finding emphasizes the importance of the clinical 
management of the patient in preventing the develop- 
ment of septic complications. If the patient does 
become septic, consumption of components of the 
classical and/or alternative pathways of complement 
activation may be an important mechanism by which 
infection is perpetuated. Of considerable importance 
in our future studies will be to address the question 
of whether reduction in C3 conversion via the alterna- 
tive complement pathway may also compromise host 
defense by reducing the opsonic capacity of the serum 
for a potential infecting organism which normally 
utilizes components of this pathway during opsoniza- 
tion. This abnormality occurs during the time when the 
burn patient is the most susceptible to infection, 
suggesting that it may be potentially important in 
predisposition to infection. In addition, it would be 
important to know if changes in humoral factors of 
host defense are unique to patients with burn injury 
or are also observed in patients with other types of 
trauma. Of future interest will also be studies con- 
cerning the mechanisms by which abnormalities of the 
humoral factors occur and their relationship to 
abnormalities of cellular components of host defense. 


Acknowledgment 


We are indebted to Dr. Clark D. West, Children’s Hospital 
Research Foundation, Cincinnati, Ohio, for providing us with 
reference antisera to human KAF, properdin, factor B and C3, and 
for reference normal human serum for C3 determinations. The 
excellent technical assistance of Ms. Jana Anderson is gratefully 
acknowledged. l ' 


References 


1. Bjornson, A. B. and Alexander, J. W.: Alterations of Serum 
Opsonins in Patients with Severe Thermal Injury. J. Lab. 
Clin. Med., 83:372, 1974. 

2. Bjornson, A. B. and Alexander, J. W.: Opsonic Activity of 
Serg from Patients with Severe Thermal Injury. Surg. 
Forum, 24:44, 1973. 

3. Arturson, G., Hogman, C. F., Johansson, S. G. O., and Kill- 


CHANGES IN HUMORAL COMPONENTS 


H. 
12. 


18. 


19. 


20. 


21. 


22. 


23; 


24. 


25. 


26. 


95 


ander, J.: Changes in Immunoglobulin Levels in Severely 
Burned Patients. Lancet, 1:546, 1969. ` 


. Kohn, J. and Cort, D. F.: Immunoglobulins in Burned Patients. 


Lancet, 1:836, 1969. 


. Munster, A. M. and Hoagland, H. C.: Serum Immuno- 


globulin Patterns after Burns. Surg. Forum, 20:76, 1969. 


. Ritzmann, S., McClung, C., Falls, D., et al: Immunoglob- 


ulin Levels in Burned Patients. Lancet, 1:1152, 1969. 


. Fjelistrom, K. E. and Arturson, G.: Changes in the Human 


Complement System Following Burn Trauma. Acta Pathol. 
Microbiol. Scand., 59:257, 1963. 


. Lowbury, E. J. L. and Ricketts, C. R.: Properdin and the 


Defense of Burns against Infection. J. Hyg. 55:266, 1957. 


. Todd, E. W., Pillemer, L., and Lepow, I. H.: The Properdin 


System and Immunity. IX. Studies on the Purification of 
Human Properdin. J. Immunol., 83:418, 1959. 


. Gotze, O. and Muller-Eberhard, H. G.: The C3-activator 


system: Án Alternate Pathway of Complement Activation. 
J. Exp. Med., 134:90S, 1971. 

Hirsch, J. G. and Strauss, B.: Studies on Heat-labile Opsonin 
in Rabbit Serum. J. Immunol., 92:145, 1964. 

Jasin, H. E.: Human Heat Labile Opsonins: Evidence for 
their Mediation via the Alternate Pathway of Complement 
Activation. J. Immunol., 109:26, 1972. 


. Bjornson, A. B. and Michael, J. G.: Factors in Normal 


Human Serum that Promote Bacterial Phagocytosis. J. 
Infect. Dis., 128:8182, 1973. 


. Pensky, J., Hinz, C. F., Jr., Todd, E. W., et al.: Properties 


of Highly Purified Properdin. J. Immunol., 100:142, 1968. 


. West, C. D., Davis, N. C., Forristal, J., et al: Antigenic 


Determinants of B1C-giobulin. J. Immunol., 96:650, 1966. 


. Mancini, G., Carbonara, A. O., and Heremans, J. F.: Im- 


munochemical Quantitation of Antigens by Single Radial 
Immunodiffusion. Immunochemistry 2:235, 1965. 


. Ruley, E. J., Forristal, J., Davis, N. C., et al: Hypocom- 


plementemia of Membranoproliferative Nephritis. Depend- 
ence of the Nephritic Factor Reaction on Factor B. J, Clin. 
Invest., 52:896, 1973. 

Mayer, M. M.: Complement and Complement Fixation. In 
Experimental Immunochemistry, (Ed.) 2: Springfield, Charles 
C Thomas, 1971, p. 152. 

Davis, B. D., Dulbecco, R., Eisen, H. N., et al.: /n Micro- 
biology, 2nd Edition: Hagerstown, Harper and Row, 1973, 
p. 512. 

Schreiber, R. D., Gotze, O., and Muller-Eberhard, H. J.: The 
Initiating Factor of the Alternative Pathway and the 
Assembly of the Properdin Receptor Forming Enzyme. 
Abstracts of the Sixth International Complement Work- 
shop. J. Immunol., 116:1748, 1976. 

Medicus, R. G., Schreiber, R. D., Gotze, O., and Muller- 
Eberhard, H. J.: A Molecular Concept of the Properdin 
Pathway. Proc. Natl. Acad. Sci. U.S.A., 73:612, 1976. 

Muller-Eberhard, H. J.: Complement. Ann. Rev. Biochem., 
44:697, 1975. : 

Nicholson, A., Brade, V., Schorlemmer, H., et al.: Interaction 
of C3b, B, and D in the Alternative Pathway of Comple- 
ment Activation. J. Immunol., 115:1108, 1975. 

Vogt, W., Dames, W., Schmidt, C., and Dieminger, L.: Complex 
formation of Properdin Factor B with C3b, an Essential 
Step in the Generation of the C3b Dependent C3 Cleaving 
Enzyme of the Properdin System. Abstracts of the Sixth 
International Complement Workshop. J. Immunol., 116:1753, 
1976. 

Gotze, O. and Muller-Eberhard, H. J.: The Role of Properdin 
in the Alternative Pathway of Complement Activation. 
J. Exp. Med., 139:44, 1974. 

Schreiber, R. D., Medicus, R. G., Gotze, O., and Muller- 
Eberhard, H. J.: Properdin and Nephritic Factor-dependent 
C3 Convertases: Requirement of Native C3 for Enzyme 


96 BJORNSON, ALTEMEIER AND BJORNSON 


Formation and the Function of Bound C3b as a Properdin 
Receptor. J. Exp. Med., 142:760, 1975. 

27. Medicus, R. G., Gotze, O., and Muller-Eberhard, H. J.: 
Activation of Properdin e and Assembly and Regulation 
of the Alternative Pathway C5 Convertase. Abstracts of the 
Sixth International Complement Workshop. J. Immunol., 
116:1741, 1976. 

28. Joseph, B. S., Cooper, N. A., and Oldstone, M. P. A. 
Immunologic Injury of Cultured Cells Infected with Measles 
Virus. I. Role of IgG Antibody and the Alternative 
Complement Pathway. J. Exp. Med., 141:761, 1975. - 

29. Bjornson, A. B., and Michael, J. G.: Phagocytosis Promot- 
ing Factors of Human Serum for Pseudomonas aeruginosa. 1. 


Ann. Surg. e July 1977 


Interaction of Opsonins with the Bacterium. J. Infect. 
Dis., 130:119S, 1974. 


30. Winkelstein, J. A. and Shin, H. S.: The Role of Immuno- 
globulin in the Interaction of Pneumococci and the Pro- 
perdin:Pathway: Evidence for its Specificity and Lack of 
Requirement for the Fc Portion of the Molecule. J. Immunol., 
112:1635, 1974. 


31. Jelenko, C.: Chemicals that “Burn.” J. Trauma, i4: 65, 1974. 


32. Fearon, Dp. dT. Ruddy, S., Schur, P., and McCabe, W. R.: 
Activation of the Properdin Pathway of Complement. in 
Patients with ‘Gram-negative Bacteremia. N. Engl. J. Med., 
292:937, 1975. ; 


Comparison of the Fecal Microflora of Seventh-Day 
Adventists with Individuals Consuming a General Diet 


Implications Concerning Colonic Carcinoma 


MICHAEL J. GOLDBERG, M.D.,* JEFFREY W. SMITH, M.S.,t RONALD LEE NICHOLS, M.D.t 


Qualitative and quantitative fecal microflora was studied in a 
double blind fashion in 28 subjects. Fourteen were Seventh-Day 
Adventists, who were strict vegetarians, while the remaining 14 
subjects were individuals consuming a general western diet. No 
Statistically significant differences were identified in the fecal 
microflora of the two groups. The bacteriologic analysis 
included total aerobes and total anaerobes as well as each of the 
major fecal aerobes and anaerobes. This study seems to indicate 
that the dietary intake of animal fat and protein does not 
significantly alter the fecal microfiora, a possibility which has 
previously been suggested as being part of the explanation for 


the higher incidence of colonic carcinoma in those who consume. 


meat compared with vegetarians. It does not, however, 
invalidate the concept that dietary animal fat does increase bile 
acid degradation within the gastrointestinal tract, a factor 
which has been related to colon cancer. Future studies should 
be directed at identifying the factors that may be present in the 
gastrointestinal tracts of vegetarians which modify: the ability 
of their colonic microflora to degrade bile acids, an essential 
step in the production of intraluminal. carcinogens or co- 
carcinogens. ; 


URRENT EPIDEMIOLOGIC data have shown that 
there are striking differences in the incidence of 
colon cancer in various parts of thè world. It has been 
demonstrated that the occurrence of cancer of the colon 
is much lọwer in East Africa, India and Japan than in 
Western Europe or North America. A series of 
studies of migrants have revealed that these differences 
are most likely environmental and not genetic. %12- 
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197292: Investigations of various environmental influ- 
ences have frequently linked dietary habits to the 
development of carcinoma of the colon. Nutritional 
substances such as fiber, refined carbohydrate, animal . 
fat and protein have all been advanced as being the 
significant factor responsible for the variance in 
incidence rates of colonic cancer.?9212 
Epidemiologic data have also shown that the in- 
cidence of cancer of all types, including carcinoma of the 
colon, is 30%~40% lower in American Seventh-Day 
Adventists, who are strict vegetarians, than in the meat 
consuming general public.!^? Further studies have 
shown that the levels of bile acids, as well as the 
degradation products and enzymes responsible for the 
degradation of bile acids in the colonic lumen, are de- 


: creased in this group of vegetarians.'* To date, no ran- 


domized study concerning the differences of fecal 
microflora in Seventh-Day Adventists and the general 
population has been reported; which is the purpose of 
this investigation: 


Materials and Methods 


The study group consisted of 28 individuals em- 
ployed at the Hinsdale Sanitarium and Hospital, Hins- 
dale, Illinois. Fourteen were individuals on a general 
American diet, while 14 were Seventh-Day Adventists 
who were practicing vegetarians, four of whom had 
never eaten meat, while two had not eaten meat for 40 
years or more, 6 for 20-40 years and two for 10—20 
years. Specimens were collected in a double blind 
fashion and consisted of first morning stools which 
were voided into plastic bags. These bags were quickly 
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TABLE 1. Clinical Features of Different Dietary Groups 


(General 
Western (Vegetarians) 
Diet) Seventh-Day 

Control Adventists 
Mean age 45 47 
Age range 22—66 15-61 
Female 10 5 
Males 4 9 
Mean no. of meals daily 3.0 2.8 
Mean no. of bowel movements daily 1.4 1.8 


placed into Gas-Pak jars* which provided an anaerobic 
environment. The specimens were then transported to 
our research microbiologic laboratory within three 
hours, where they were promptly processed. Informa- 
tion concerning the dietary habits of the studied 
subjects was retained by the administrative personnel 
of the Hinsdale Hospital until the bacteriologic data 
were completed. 

Once in the microbiologic laboratory, each specimen 
was placed immediately into the anaerobic chamber,t 
where it was weighed and then mixed for 15 minutes. 
After thorough mixing, an aliquot was taken to deter- 
mine the percentage of water. Another aliquot of 11 
grams was added to a 99 ml dilution bottle of VPI 

dilution salts to yield a 10^! dilution. Serial dilutions 
were then made and plated out on the following media: 
Bifidobacter medium; Blood agar with vitamin K and 
hemin; Blood agar with vitamin K and hemin with 
Vancomycin (7.5 mcg/ml) and Kanamycin (100 mcg/ml); 
Bacteroides medium (Blood agar with vitamin K and 
hemin with 2% bile added); Sarcina medium; Veillonella 
medium; Lactobacillus medium; and Clostrisel agar. 
These media were then incubated at 35? for 48 hours 
under anaerobic conditions. After the anaerobic plates 
had been inoculated, the dilution bottles were 
removed from the chamber and inoculations were also 
made on the following media under aerobic conditions: 
Blood agar, Eosin methylene-blue agar, Bile esculin 
azide agar, KF Streptococcus agar and Mannitol salt 
agar. These plates were then incubated for 48 hours at 
35? under aerobic conditions with 5% CO,. 

At the end of 48 hours the colonies on all plates were 
counted and each colony type was subcultured. All 
colonies growing under anaerobic conditions were sus- 
pected of being anaerobes and were subcultured aerobi- 
cally and anaerobically. Those which failed to grow 
under aerobic conditions were deemed anaerobes. 
They were then’ gra stained m subcultured to pep- 
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tone-yeast extract-glucose broth. The broth was incu- 
bated for 24—48 hours under anaerobic conditions and a 
gas chromatographic analysis was made to determine 
the acid end products formed by the bacteria. Anaero- 
bic bacterial identifications were based on Gram stain, 
colony morphology and gas chromatographic analysis 
of acid end products. Aerobes were identified by 
standard bacteriologic techniques. 


Results 


The clinical data including age, number of meals and 
bowel movements each day were similar in both groups 
and are listed in Table 1. The ratio of females to males in 
each group, however, was reversed. The mean per- 
centage of fecal water was 73.596 in the controls and 
73.396 in the vegetarians. 

The total mean aerobic and anaerobic counts as well 
as counts of bacteria isolated in individuals in each 
group are presented in Table 2. In general, the 
individual total aerobic and anerobic counts varied over 
a wide but similar range in both the vegetarians and 
controls. The mean values of aerobes and anaerobes, 
however, are very similar in both groups. The log,, 
mean total aerobic count was 9.0 in the control group 
and 8.9 in the vegetarians, while the total anaerobic 
logio mean count was 11.2 in the control group and 11.0 
in the vegetarians. 

The types of aerobic and anaerobic bacteria isolated 
were very similar in both groups with the exception that 
clostridia were isolated in 11 vegetarians and in only 6 
controls, while peptostreptococcus was isolated in four 
vegetarians and in 8 of the controls. Sarcina was 
isolated in only two of the vegetarians while veillonella 
was found in four vegetarians and in only one of the 
controls. Analysis of the bacteriologic data by the 
Wilcoxon Rank Sum Test shows no statistical dif- 
ference between the two groups at the p < .05 level, 
although a rough comparison does show a slight 
increase in total anaerobic counts in the control groups 
(general western diet). 


Discussion 


Studies concerning the relationship of diet to the 
development of colon carcinoma show a strong cor- 
relation with dietary animal fat and protein and a poor 
correlation with vegetable fiber.” Most recently it has 
also been noted that the incidence of. colon: cancer 
correlates well with. the intake of animal protein, but 
poorly with plant protein, which would seem to indicate 
that amino acid metabolites are ‘probably not a major 
factor in the etiology of colon cancer." Considering 
these observations, oné isled to believe that the amount 
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factor responsible for their increased incidence of colon 
cancer. 

Proponents of the dietary fat hypothesis of colonic 
carcinoma suggest that dietary fat causes an increased 
secretion of bile acids and therefore, an increased con- 
centration of these acids with the lumen of the colon. 
They further suggest that certain colonic bacteria can 
produce carcinogens or co-carcinogens from these bile 
acids.}#25 One mechanism advanced by which this 
might be accomplished is the aromatization of the bile 
acid nucleus to cyclopentaphenanthrene, a compound 
which has been shown to be carcinogenic in mice.* The 
reactions necessary for this conversion have all been 
shown to be producible by human colonic microflora, in 
particular by Bacteroides fragilis and Clostridia 
paraputrificum.5 Advocates of the dietary fat hy- 
pothesis also believe that the oral intake of animal fat 
modifies the colonic microflora; in that it increases the 
number and types of certain anaerobes and increases 
their ability to degrade bile acids.®!325 Working along 
these lines, investigators have shown that the amount 
of fecal bile acids and degradation products are 
decreased in groups from areas where the dietary intake 
of animal fat and the incidence of colon cancer are 
low.33:1925 They have also shown that these groups have 
lower bacteroides and total anaerobic counts and that 
these anaerobes are less active metabolic degraders of 
bile salts.113 141625 

Because of these considerations, much interest has 
been generated in the fecal microflora, bile acids and 
their degradation products in the stool of groups with 
different incidence rates of colonic cancer, as well as 
different dietary habits. In view of this, one would 
expect that American Seventh-Day Adventists, vege- 
tarians with a decreased incidence of carcinoma of the 
colon, would have decreased numbers of anaerobes in 
their stools. Reddy and Wynder have shown that this 
group does have decreased bile acids and degradation 
products in their feces.?^ However, our data in this 
study show that there are no significant differences in 
types or numbers of bacteria in their stools compared 
with the control group. Our data, therefore, seem to 
contradict one of the points of the dietary fat hypothesis 
of colonic carcinoma; that is, that dietary animal fat is 
responsible for differences in anaerobic fecal counts. 
However, it does not invalidate the concept that dietary 
animal fat modifies the colonic microflora in some other 
way. As previously stated Reddy and Wynder have 
shown that bile acids and degradation products are 
decreased in the feces of Seventh-Day Adventists.!? 
Considering that the total numbers of bacteria are not 
Changed, one might conclude that the ability of the 
microflora of the Adventists to degrade bile acids is 
decreased or that conversely the ability. of the 
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TABLE 2. Fecal Microflora in Seventh-Day Adventists 
' and Control Meat Eaters 











Controls Vegetarians 
Num- Num- 
ber of ber of 
Sub- Sub- 
jects jects 
Iso- Iso- 
lated Mean+S.E. lated Mean + S.E. 
Total aerobic 13 9.0 + 2 12 89+ 3 
Escherichia 
coli 13 7553 13 74x 3 
Streptococcus 
faecalis 14 6.2 + 2 13 6.8 + 2 
Enterobacter 
agglomerans 1 6.1 
Klebsiella 
pneumoniae 1 5.9 2 66+ .1 
Edwardsiella 1 . 7.8 
Enterobacter 
aerogenes 1 7.0 
Enterobacter 
cloacae : 1 6.1 
Total 
anaerobic 14 11.2+.1 13 11.0 .1 
Bacteroides 11 9.6 X .3 10 94+ 3 
Bacteroides 
fragilis 11 10.3 + 2 12 10.4 x .1 
Bifidobac- 
terium 12 9.44.2 12 97r . 
Fusobacterium 4 9.6 € .6 4 94+ .3 
Clostridia 6 8.6 x 3 11 84+ 3 
Veillonella 1 8.0 4 68+ . 
Eubacterium 7 9.1 + .3 3 88+ 6 
Sarcina 0 2 70+ 8 
Peptostrepto- 
coccus 8 96+ 3 4 Sit 3 
Propioni- 
bacterium 4 8.8 + 6 2 98+ 1.1 
Acidamino- : 
coccus 3 9.5 + .1 2 8.2 + 1.0 
Peptococcus 1 9.2 1 9.3 
Lactobacillus 1 10.1 


(log,, mean + standard error of the mean organisms/gram dry 
weight) 


microflora of individuals on a general western diet is 
increased. Indeed, it has been shown that subculture of 
oral strains of bacteroides (only 5% of which can 
degrade bile acids) on bile salt containing media caused 
the percentages of bile-salt degrading organisms to be 
increased.!? Therefore, it might be said that dietary 
animal fat or, for that matter, anything which increases 
fecal bile acid concentration causes an increase in the 
ability of colonic microflora to degrade bile acids. 
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Clinical evidence of 
effectiveness in 
studies of 109 
hospitalized patients" 


Employing objective observations 
by nurse-monitors, two double- 
blind hospital studies of hypnotic 
effectiveness evaluated 57 orthope- 
dic patients, most postsurgical; and 
52 other postsurgical patients? with 
insomnia. Studies used similar pro- 
tocols of one nonmedication base- 
line night followed by seven nights 
of randomly-assigned Dalmane 
(flurazepam HCl) or matching pla- 
cebo. Dalmane was superior in 
reducing sleep induction time and 
nighttime awakenings and in pro- 
longing sleep.* 

*When insomnia is caused by pain, appropriate anal- 
gesic therapy is the treatment of choice. Should the 


insomnia persist after the pain is relieved, consider 
Dalmane (flurazepam HCI). 


Confirmed by patients’ 


subjective assessment” 


The overwhelming majority of patients 
concurred with the monitor’s objective reports: 
"those receiving Dalmane reported on morning 
questionnaires that, on average, they fell asleep 
faster, awakened fewer times and slept longer 
than patients taking placebo.'? 


„Please see following page for a summary 
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Relatively safe and 
well tolerated,” 
even for patients on 


warfarin” 

Dalmane is generally well tolerated 
and relatively safe. Morning “hang- 
over” is infrequent. No unacceptable 
fluctuation in prothrombin time has 
been reported in patients on chronic 
warfarin therapy.^* The usual precau- 
tions should be observed in patients 
with impaired renal or hepatic func- 
tion; in the elderly and debilitated, 
initial dosage should be limited to 
15 mg to help preclude oversedation, 
dizziness or ataxia. 
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insomnia... proved in practice 
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_ Proven relief for postsurgical 
insomnia without repeating 
or increasing dosage 


Dalmane 
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And also... 

Objectively proved in the 
sleep research laboratory: 
m Sleep within 17 minutes, 
on average 
m Sleep for 7 to 8 hours, 
on average 
m Sleep with fewer nighttime 
awakenings 
m Continued effectiveness 
over 28 consecutive nights 
of administration 


Before prescribing Dalmane (flurazepam 
HCI), please consult complete product 
information, a summary of which follows: 
Indications: Effective in all types of insom- 
nia characterized by difficulty in falling 
asleep, frequent nocturnal awakenings and/ 
or early morning awakening; in patients 
with recurring insomnia or poor sleeping 
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tions requiring restful sleep. Since insomnia 
is often transient and intermittent, pro- 


longed administration is generally not neces- 


sary or recommended. 

Contraindications: Known hypersensitivity 
to flurazepam HCI. 

Warnings: Caution patients about possible 
combined effects with alcohol and other 
CNS depressants. Caution against hazard- 
ous occupations requiring complete mental 


alertness (e.g., operating machinery, driving). 


Usage in Pregnancy: Several studies 
of minor tranquilizers (chlordiaze- 
poxide, diazepam, and meprobamate) 
suggest increased risk of congenital 
ormations during the first trimes- 
ter of pregnancy. Dalmane, a benzo- 
i ine, has not been studied ade- 
quately to determine whether it may 
be associated with such an increased 
risk. Because use of these drugs is 
rarely a matter of urgency, their use 
during this period should almost al- 
ways bé avoided. Consider possibility 
of pregnancy when instituting therapy; 
advise patients to discuss therapy if 
they intend to or do become pregnant. 
Not recommended for use in persons under 
15 years of age. Though physical and psy- 
chological dependence have not been 
reported on recommended doses, use cau- 
tion in administering to addiction-prone 
individuals or those who might increase 
dosage. 
Precautions: In elderly and debilitated, limit 
initial dosage to 15 mg to preclude over- 
sedation, dizziness and/or ataxia. Consider 
tential additive effects with other hypnot- 
ics or CNS depressants. Employ usual pre- 
cautions in patients who are severely 
depressed, or with latent depression or sui- 
cidal tendencies. Periodic blood counts and 
liver and kidney function tests are advised 
during repeated therapy. Observe usual pre- 
cautions in presence of impaired renal or 
hepatic function. 
Adverse Reactions: Dizziness, drowsiness, 
lightheadedness, staggering, ataxia and fall- 
ing have occurred, particularly in elderly or 
debilitated patients. Severe sedation, leth- 
argy, disorientation and coma, probably 


indicative of drug intolerance or overdosage, 


One 30-mg capsule h.s.— usual adult dosage 
(15 mg may suffice in some patients). 

One 15-mg capsule h.s.— initial dosage for 
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have been reported. Also reported: head- 
ache, heartburn, upset stomach, nausea, 
vomiting, diarrhea, constipation, GI pain, 
nervousness, talkativeness, apprehension, 
irritability, weakness, palpitations, chest 
pains, body and joint pains and GU com- 
plaints. There have also been rare occur- 
rences of leukopenia, granulocytopenia, 
sweating, flushes, difficulty in focusing, 
blurred vision, burning eyes, faintness, 
hypotension, shortness of breath, pruritus, 
skin rash, dry mouth, bitter taste, excessive 
salivation, anorexia, euphoria, depression, 
slurred speech, confusion, restlessness, hal- 
lucinations, paradoxical reactions, e.g., 
excitement, stimulation and hyperactivity, 
and elevated SGOT, SGPT, total and direct 
bilirubins and alkaline phosphatase. 
Dosage: Individualize for maximum benefi- 
cial effect. Adults: 30 mg usual dosage; 15 
mg may suffice in some patients. Elderly or 
debilitated patients: 15 mg initially until 
response is determined. 

Supplied. Capsules containing 15 mg or 30 
mg flurazepam HCl. 
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EFFICACY Parenterally, 90.4% of 806 patients had an 
excellent to good clinical response (includes patients 
treated for a variety of respiratory tract, urinary tract, and 
skin and soft tissue infections, plus septicemia). 

Orally, 86.7% of 3719 patients had a comparable 
response (includes patients treated for respiratory tract, 
urinary tract, and skin and soft tissue infections). 
SAFETY 93.5% of 6555 patients free of any reported 
adverse reactions (includes patients who received 
Velosef by both oral and parenteral routes for a variety 
of susceptible infections). 

CONTINUITY Velosef is the only cephalosporin which 
can be used by both the oral and parenteral routes, 
affording a continuity of therapy for appropriate 
indications unique in this class of antibiotics.* 


a continuity of therapy available 
inno other cephalosporin. 


*See next page for brief summary. Note particularly the differences in 
indications between parenteral and oral forms. 


46A 


VELOSEF® CAPSULES 
Cephradine Capsules X 


VELOSEF® for ORAL SUSPENSION tw 


Cephradine for Oral Suspension r 
VELOSEF® for INJECTION 
Sterile Cephradine for Injection 


i 

DESCRIPTION: Velosef ‘250' Capsules and Velosef ‘500’ Capsules 
(Cephradine Capsules) provide 250 mg. and 500 mg. cephradine, re- 
spectively, per capsule. Velosef 125' for Oral Suspension and Velosef 
'250' for Oral Suspension (Cephradine for Oral Suspension) after re- 
constitution provide 125 mg. and 250 mg. cephradine, respectively, 
per 5 ml. teaspoonful. Velosef for Injection (Sterile Cephradine for In- 
jection) is a sterile powder for reconstitution available in vials contain- 
ing 250 mg., 500 mg., or 1g. cephradine, and in bottles containing 2 g. 
or 4 g. cephradine. The preparations also contain 79 mg., 157 mg., 315 
mg., 630 mg., or 1.26 g. anhydrous sodium carbonate respectively. 
The sodium content is approximately 136 mg. (6 mEq.) per g. of 
cephradine. 

INDICATIONS: For the treatment of infections caused by susceptible 
strains of designated microorganisms as follows (injection for serious 
infections only): Respiratory Tract Infections due to Klebsiella sp., H 
influenzae, Staphylococcus aureus, for injectable forms only and those 
due to Streptococcus pneumoniae (formerly D. pneumoniae), and 
group A beta-hemolytic streptococci for oral and injectable forms. 
[Penicillin is the usual drug of choice in the treatment and prevention of 
streptococcal infections, including the prophylaxis of rneumatic fever; 
Velosef (Cephradine, Squibb) is generally effective in the eradication 
of streptococci from the nasopharynx; substantial data establishing 
the efficacy of Velosef in the subsequent prevention of rheumatic fever 
are not available at present]; Otitis Media (oral forms only) due to group 
A beta-hemolytic streptococci, H. influenzae, staphylococci, and 
Streptococcus pneumoniae; Skin and Soft Tissue Infections due to S. 
aureus and those due to group A beta-hemolytic streptococci (injec- 
tion only); Urinary Tract Infections due to E. coli, Pr. mirabilis and Kleb- 
siella sp.; Septicemia (injection only) due to Streptococcus 
pneumoniae, S. aureus, Pr. mirabilis, and E. coli 

Note: Culture and susceptibility tests should be initiated prior to and 

during cephradine therapy. Renal function studies should be per- 
formed when indicated 
CONTRAINDICATIONS: In patients with known hypersensitivity to the 
cephalosporin group of antibiotics. 
WARNINGS: Use cephalosporin C derivatives with great caution in 
penicillin-sensitive patients since there is clinical and laboratory evi- 
dence of partial cross-allergenicity of the two groups of antibiotics; 
there are instances of reactions to both drugs (including fatal anaphy- 
laxis after parenteral use). 

Use cautiously and only when absolutely necessary in persons who 
have demonstrated some form of allergy, particularly to drugs. Serious 
anaphylactoid reactions require immediate emergency treatment with 
epinephrine; administer oxygen, |.V. steroids, and airway management 
(including intubation) as indicated. 

Usage in Pregnancy and Lactation: Although no teratogenic or 
anti-fertility effects were seen in reproduction studies in mice and rats 
receiving up to four times the maximum human dose, the safety for use 
in human pregnancy has not been established; weigh benefits in preg- 
nant women against possible risk to the fetus. Cephradine is secreted 
in breast milk during lactation. 





Usage in Infants: Although Sterile Cephradine for Injection has 

been used effectively in infants, consider the benefits to risks ratio of 
the drug inthe treatment of premature infants or infants under one year 
of age since all laboratory parameters have not been extensively stud- 
ied in this age group. 
PRECAUTIONS: To detect any side effects or unusual manifestations 
of drug idiosyncrasy. follow patients carefully. Discontinue drug and 
treat with the usual agents (e.g., pressor amines, antihistamines or 
corticosteroids) if a hypersensitivity reaction occurs. 

Administer cephradine with caution in presence of impaired renal 
function. In known or suspected renal impairment, careful clinical ob- 
servation and appropriate laboratory studies should be made prior to 
and during cephradine therapy since cephradine accumulates in the 
serum and tissues. Patients with impaired renal function require a mod- 
ified dosage schedule (see package inserts) 

Prolonged use of antibiotics may promote overgrowth of nonsuscep- 
tible organisms. Take appropriate measures should superinfection 
occur during therapy. 

After treatment with cephradine, a false positive reaction for glucose 
in the urine may occur with Benedict's solution, Fehling's solution, or 
with Clinitest® tablets, but not with enzyme-based tests such as 
Clinistix® and Tes-Tape®. As with other cephalosporins, positive direct 
Coombs tests have been reported infrequently. 

Velosef for Injection (Sterile Cephradine for Injection) is physically 
compatible with most commonly used I.V. fluids and electrolyte solu- 
tions (such as 5% Dextrose Injection, Sodium Chloride Injection, or M/6 
sodium lactate); however, it is not compatible with Lactated Ringer's 
Injection because of the incompatibility between calcium ions and the 
sodium carbonate in Sterile Cephradine for Injection 

Indicated surgical procecures should be performed in conjunction 
with antibiotic therapy. 


ADVERSE REACTIONS: Untoward reactions are limited essentially to 
G.I. disturbances and to hypersensitivity phenomena. The latter are 
more likely to occur in persons who have previously demonstrated hy- 
persensitivity and those with a history of allergy, asthma, hay fever, or 
urticaria 

Thefollowing adverse reactions have been reported following use of 
cephradine: G.l.—glossitis, nausea, vomiting, diarrhea or loose stools, 
tenesmus, abdominal pain, heartburn. Skin and Hypersensitivity Reac- 
tions—mild urticaria or skin rash, edema, erythema, pruritus, joint 
pains, drug fever. Blood —mild, transient eosinophilia, leukopenia and 
neutropenia. Liver (oral forms)—transient mild rise of SGOT, SGPT, 
and total bilirubin with no evidence of hepatocellular damage. Liver 
(Injection) —elevated SGOT and SGPT have been observed in approx- 
imately 10% and 2% of patients respectively; elevated total bilirubin, 
alkaline phosphatase and LDH have been observed in a few cases; in 
most cases, values tended to return to normal after the end of therapy. 
Renal (oral forms)—Transitory rises in BUN have been observed in 
some patients treated with cephalosporins; their frequency increases 
in patients over 50 years old. In adults for whom serum creatinine deter- 
minations were performed, the rise in BUN was not accompanied by a 
rise in serum creatinine. Renal (Injection) —mild rises in BUN have 
been observed in some patients treated with cephalosporins: their fre- 
quency increases in patients over 50 years old and in children under 
three. In adults for whom serum creatinine determinations were per- 
formed, the rise in BUN was not accompanied by a rise in serum 
creatinine. Others —headache, dizziness, tightness in the chest, dys- 
pnea, paresthesia, candidal overgrowth, candidal vaginitis, hepa- 
tomegaly (isolated instances), and thrombophlebitis at injection site. 

Some patients experienced pain on I.M. injection. Administer-Sterile 
Cephradine for Injection by deep I.M. injection since sterile abscesses 
have been reported following accidental subcutaneous injection. 

For full prescribing information, consult package inserts. 
HOW SUPPLIED: 250 mg. anc 500 mg. capsules in bottles of 24 and 
100 and Unimatic® single-dose packs of 100; 125 mg. and 250 mg. for 
oral suspension in bottles of 100 ml. Sterile Cephradine for Injection 
available for I.M. or I.V. use in vials containing 250 mg., 500 mg., or1g 
cephradine, and for I.V. use in 100 ml. infusion bottles containing 2 g. or* 
4 g. cephradine 
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Biostatistical Basis of Elective Node Dissection 


For Malignant Melanoma 


JOSEPH G. FORTNER, M. D., JAMES WOODRUFF, M.D., DAVID SCHOTTENFELD, M.D., BARBARA MACLEAN, B.A. 


During the years 1954 through 1964, 259 individuals with 
primary malignant melanoma had an elective node dissection. 
Microscopic metastases were found in 15% of these patients. 
The presence of only a microscopic focus of involvement gave a 
10-year cure rate of 67%; metastasis larger than a microscopic 
focus in a single node, 50%; and more than one node, 15%. One 
hundred forty-five individuals were treated by wide excision 
alone with 18% subsequently requiring a therapeutic 
lymphadenectomy with a ten-year cure of only 6%. 

A prospective study was then initiated which was concerned 
with the efficacy of selection of patients for elective node dis- 
section. Clark’s level of invasion was determined for 258 pa- 
tients treated since January 1972. The depth of invasion of the 
primary lesion was found to correlate directly with the absence 
of lymph node metastases, extent of nodal involvement, and 
rate of recurrence. It is concluded that the concept of elective 
node dissection is valid. 


HE CONCEPT OF ELECTIVE node dissection is ap- 
T plicable only to patients who have every reason to 
expect acure. Their cancer is apparent only at its site of 
origin; there is no evidence of spread to lymph nodes, 
lungs, or elsewhere. We know, however, that even in 
such apparently favorable circumstances, all will not be 
cured. The question arises quite naturally, will removal 
of clinically normal lymph nodes in the regional lymph- 
atic drainage basin increase the cure rate; or can one 
safely wait to do a lymphadenectomy until cancer 


becomes obvious in these nodes? Might there be actual , 


harm in removing the lymph nodes, perhaps by de- 
creasing the patient's resistance to his cancer? 

This topic, elective node dissection, has been argued 
pro and con by many distinguished investigators for a 
very long time. More recent contributors have found 
little statistical evidence to support its value.?-7-! 
Despite this, many have remained convinced of the ef- 
fectiveness of elective lymphadenectomy 5:59134 Two 
different studies at Memorial Sloan-Kettering Cancer 
Center have now re-examined this problem. The first 
„study analyzes results of treatment in patients seen 
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from 1954 through 1964. This time period is repre- 
sentative of present therapeutic results and allows ade- 
quate time for both five and 10 year follow-ups. The 
second investigation is a prospective study dealing with 
individuals treated from 1972 to 1976 in whom histo- 
logic landmarks (Clark's leveling) were used as a guide- 
line in selecting patients for elective lymphadenec- 
tomy. 


Materials and Methods 


Only individuals receiving definative treatment of 
their primary melanoma were evaluated. Patients with 
an undetermined or mucosal primary melanoma or 
those with disease beyond regional confines were ex- 


-cluded from this study. 


Study I (1954—1964) 


The charts of 471 individuals with previously un- 
treated melanoma arising on the extremities or trunk 
were reviewed. Four hundred four patients presented 
with clinically negative regional lymph nodes. The 
primary lesion arose on the extremity in 271 (67%) of 
these individuals and on the trunk in 133 (3396). Two 
hundred fifty-nine of these had an elective node dis- 
section representing 62% of those with extremity 
lesions (167/271) and 69% (92/133) of trunk. These 259 
patients included 70% of males and 60% of females with 
clinically negative nodes. One hundred forty-five 
individuals were treated by wide excision of the 
primary lesion without elective node dissection. The 
remaining 67 patients had a therapeutic lymph node dis- 
section because of clinically suspicious or positive re- 
gional lymph nodes. A comparison was made between 


the five and 10 year cure rates for the various treatment 


groups. 
Of the 259 patients having an elective node dissec- 
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TABLE 1. Elective Node Dissection 1954-1964. 259 Patients 














: Cure 
Histologically No. Pts. 5-year 10-year 
Negative 219 83% 719% 
Positive 40 (15%) 42% 42% 
Microscopic focus 9 67% 67% 
One node 18 50% 50% 
Multiple nodes 13 1596 1596 
Total 259 7696 7396 





a 
s 


tion, 73% lived ten years without evidence of disease. 
Two hundred nineteen of these individuals had histo- 
logically negative nodes and a ten-year cure rate of 
7996. Fifteen percent (40/259) of the electively dissected 
group had lymph node metastases on histologic study. 
Forty-two percent lived 10 years free of disease. Fur- 
ther analysis reveals a possible explanation for one of 
the main objections to elective node dissection: this 
objection is that the cure rates are essentially the same 


whether elective or therapeutic node dissections are . 


petformed. The crucial point, however, is that within 
the electively dissected group, patients with only a 
microscopic focus of metastatic melanoma in a lymph 
node had a ten-year survival of 6796, a value nearly 
equal to that for patients without lymph node metas- 
tases. Single lymph node metastases larger than a 
microscopic focus had a 10 year cure rate of 5096. The 
survival rate with multiple nodal metastases was only 
15% (Table 1). It becomes clear that observed survival 
rates are merely a reflection of the particular 
distribution of patients with differing amounts of mel- 
anoma in their regional lymph nodes. 

The ten-year cure rate for the 145 individuals havinga 
wide excision of the primary site as their initial treat- 
ment was 66%. Twenty-six (18%) of these patients sub- 
sequently required a therapeutic lymphadenectomy. 
Multiple nodal involvement was present in 71% of these 
individuals as compared with 33% of those with lymph 
node metastases in the electively dissected group. In 
this series, 10 year survival following therapeutic 
lymphadenectomy in 26 patients was only 6%, signifi- 
cantly poorer (P less than .05) than in the electively 


TABLE 2. Wide Excision Alone 1955—1964. 145 Patients 

















Cure 
No. Pt. S-year 10-year 
No regional recurrence 119 82% 81% 
Subsequent regional node 
recurrence 26 (18%) 12% 6% 
Total 145 10% 66% 





FORTNER AND OTHERS 


Ann. Surg. e July 1977 


TABLE 3. Clark's Level* 





Ii—tumor infiltrates into upper portion of papillary dermis 
IH —tumor is layered on the interface of the papillary and reticular 
dermis 
IV —tumor involves reticular dermis 
V —tumor involves subcutaneous tissue 





* Ref. 2. 


dissected group (Table 2).? It thus is evident that about 
one out of five patients will require a regional lymph- 
adenectomy, either prophylactically or therapeutically. 

In the majority of cases, it was the individual sur- 
geon's preference to perform wide excision alone for a 
lesion arising at a distance from or potentially draining 
to more than one regional lymph node area. Sites of 
primary lesion were: below knee or elbow in 90 pa- 
tients, trunk in 41, and proximal extremity in 14. The 
rate of regional recurrence was comparable at these 
three primary sites being 19%, 17% and 14%, respec- 
tively. The diagnosis of superficial melanoma was made 
in 34 patients, two of whom developed recurrent dis- 
ease. 

Sixty-six percent (95/145) of the individuals receiving 
wide excision alone were females in whom the majority 
of distal lesions arose. Survival was higher for females 
at each of the three primary sites and significantly 
higher overali (P less than .01). 

Forty-five individuals had a therapeutic lymphadec- 
tomy as their initial treatment. Ten-year survival was 
20%. Seventy-four per cent of the individuals in this 
group had multiple nodal involvement. The remaining 
22 patients receiving a therapeutic lymphadenectomy 
were found to have histologically negative nodes with a’ 
10-year cure rate of 60%. 


Study II (1972-1976) 


This prospective study was concerned with the 
feasibility of selecting out patients more likely than 
others to benefit from elective lymphadenectomy. The 
depth of invasion of the primary lesion was determined 
using Clark’s leveling for 258 previously untreated in- 
dividuals with melanoma of the trunk or extremities 
(Table 3). 


TABLE 4, Clinical Evaluation in Melanoma Patients with 
Histologically Positive Nodes: 1972—1976 








Clark's Clinically Clinically 

Level Negative Positive Total 

II 096 (0/19) (1/3) 4.5% (1/22) 
HI 14% (10/73) 0% (0/7) 12.5% (10/80) 
IV 3196 (20/64) 62.5% (5/8) 35% (25/72) * 
V 3396 (2/6) 100% (8/8) 7196 (10/14) 
Total (14/26) 24% (46/188) 


2096 (32/162) 5496 
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TABLE 5. Recurrence Rate in Melanoma Patients 1972-1976 











Clark's One-year Recurrence Rate 
Level No. Pts. (Actuarial) 

II 66 4% (2 pt) 

IH 97 8% (6 pt) 

IV 79 25% (17 pt) 

V 16 73% (11 pt) 
Total 258 1796 (36 pt) 


The incidence of occult metastatic melanoma in re- 
gional lymph nodes was found to be related directly to 
the depth of invasion of the primary melanoma. Table 4 
reveals that primary melanomas which have invaded to 
Clark’s level III have a 14% incidence of occult disease. 
Primary melanomas which are levels IV and V have 
more than twice this risk with approximately one-third 
of patients with these lesions having occult lymph node 
metastases. Only one of 22 patients with a level IL lesion 
had metastases to regional lymph nodes and this was 
evident clinically. With the exception of this patient, 
clinically positive nodes were confirmed histologically 
only in patients whose primary melanoma extended to 
Clark's levels IV or V. ; 

The actuarial recurrence rate at one year was 17% 
and proved directly relatable to the depth of invasion of 
the primary lesion with its attendant risk of regional 
lymph node metastases (Table 5). 


Discussion 


The present study has shown clearly the therapeutic 
benefits of elective lymphadenectomy. It has also 
demonstrated a basis for improvement in selecting pa- 
tients for this procedure. The infrequency of metastases 
from primary melanomas microstaged at Clark’s levels 
I and II warrants treatment by wide excision only of 
these lesions. Risks for melanomas categorized as 
levels IIT, IV, and V are too great to withhold lymph- 
adenectomy. : 

Concern has been expressed about possible deleteri- 
ous effects when normal regional lymph nodes are 
removed With the elective node dissection. Recently, 
Pendergrast reported that if the regional lymph nodes 
were removed even before a methylcholanthrene- 
induced fibrosarcoma was clinically apparent, im- 
munologic sensitization had developed already at other 
lymphoreticular sites.!? The vast majority of melanoma 
patients with disease confined to the regional area are 
immune-competent following lymph node dissection as 
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measured by skin testing with dinitrochlorobenzene. 
The immunological safety of elective lymphadenectomy 
is indicated further by the finding that the 219 
individuals who had an elective lymphadenectomy with 
histologically negative lymph nodes had a cure rate 
similar to that of the 145 whose initial treatment was 
confined to the primary site. 


Conclusion 


The basis for elective lymph node dissection relates 
to the extent of metastatic melanoma in regional lymph 
nodes. Multinodal involvement under any circum- 
stances causes a poor prognosis. A microscopic focus 
of disease is effectively treated by regional lymph node 
dissection with a ten-year cure rate of 67%. This 
procedure is immunologically safe and therapeutically 
effective. 
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When Should the Third Renal Transplant Rejection 


Episode be Treated? 


ARTHUR J. MATAS, M.D., RICHARD L. SIMMONS, M.D., CARL M. KJELLSTRAND, M.D., DAVID S. FRYD, PH.D., 


JOHN S. NAJARIAN, M.D. 


Recent reports cite better survival when repeatedly rejecting 
renal allografis are removed and patients returned to hemo- 
dialysis. However, the criteria for graft removal remain 
undefined; although some reports recommend removing all 
kidneys undergoing a third rejection. In our series (1968— 
1973) of 316 patients with technically successful first grafts 
followed 2!2— 8 years, graft survival was inversely related to the 
number of rejection episodes. One hundred per cent of kidneys 
without rejection are currently functioning or functioned at the 
time of death compared to 90% with one rejection, 67.4% with 
two and 21% with three. However, 40% of kidneys having three 
rejection episodes functioned longer than one year after 
treatment of the third rejection episode. In an attempt to 
determine the predictability of one year graft survival or failure 
following treatment of the third rejection, a formula was 
developed that correctly predicted in 33 of 38 (87%) patients. 
The formula was based on information available prior to 
treatment of the third rejection episode, and represents an 
index of baseline renal function (serum creatinine after second 
rejection episode) and two indices of the severity of rejection 
episodes (serum creatinine change between the first and second 
rejection episodes; rapidity of sequential rejection).Follow- 
ing its derivation, the formula was applied to a second group 
(1974) of 19 patients having had three rejection episodes. The 
formula correctly predicted one year allograft survival or 
failure following treatment of the third rejection episode in 
68% of these patients. A striking finding of our review was a 
significant difference in current patient survival between those 
having no rejection episodes (89%) and those having one or more 
rejection episodes (65%) (p < .00001). There was no signifi- 
cantly greater long-term curtailment in survival if more than 
one rejection eipsode was treated. Patients having one rejection 
eipsode seemed to die from varying causes and at varying time 
periods. Patients dying after two or more rejection episodes had 
an increased incidence of deaths due to bacterial infection. 


LTHOUGH POSTTRANSPLANT IMMUNOSUPPRESSIVE 
drug dosage varies from center to center, all cen- 
ters use a regimen based on steroids and azathioprine- 
cyclophosphamide, and many use antilymphocyte 
globulin (ALG).?35-7-8-11-34 A major hazard of the use of 
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these immunosuppressants is a high incidence of 
infection, resulting in both morbidity and mortalitv in 
the transplant recipient. Because of the risks associated 
with the use of these drugs, it has been proposed that 
repeatedly or chronically rejecting kidneys be re- 
moved. The patient can then be maintained on hemo- 
dialysis permanently or unti] another graft is available. 
Rapid removal of the rejecting allograft and main- 
tenance of the patient on hemodialysis may result in 
lower patient mortality from sepsis. However, an 
overly aggressive policy of transplant nephrectomy will 
result in removal of some kidneys that would continue 
to function. 

We reviewed the charts of patients transplanted at 
the University of Minnesota between January 1, 1968 
and December 31, 1974 in an attempt to determine 
whether there were any factors which would predict 
which kidney to remove and which to treat with 
antirejection therapy. As most centers are willing to 
treat the transplant recipient for two rejection episodes, 
we attempted to determine if there is information 
available when the patient is admitted with the third 
rejection episode that predicts the value of treating that 
episode. Since late rejection episodes may have a 
different pathogenesis, we only examined the charts of 
patients who had their first rejection episode within four 
months of transplantation. . 


Materials and Methods 


The evolution of patient selection, operative tech- 
nique and postoperative management have previously 
been described.?® Briefly, all patients were splenec-, 
tomized prior to transplantation. Antilynfphocyte 
globulin 20—30 mg/kg/day was given to all patients 
for two weeks post-transplantation, and all patients 
received azathioprine 5 mg/kg/day initially. This vas 
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tapered to 2.5 mg/kg/day by the first postoperative 
week. Recipients of non-HLA identical transplants re- 
ceived prednisone 2 mg/kg/day initially while HLA 
identical transplant recipients were started on predni- 
sone 1 mg/kg/day. The dosages were tapered to 0.3 and 
0.2 mg/kg/day, respectively. All patients received 
methylprednisolone 20 mg/kg intravenously for the 
first three posttransplant days. Rejection episodes were 
diagnosed by elevations in serum creatinine (72546) 
and delayed excretion on I ortho iodohippurate reno- 
gram and were frequently confirmed by percutaneous 
needle biopsy of the transplant. Following diagnosis 
rejection episodes were treated with local irradiation, 
20 mg/kg methylprednisolone intravenously daily for 
three days, and an increased dosage or orally ad- 
ministered prednisone (2 mg/kg/day initially, and then 
tapered). All patients receiving more than seven days 
of the anti-rejection protocol were deemed to have 
had the diagnosis of rejection made. 

The charts of all patients transplanted without tech- 
nical complication between January 1, 1968 and 
December 31, 1974 were reviewed and the number 
of rejection episodes, length of survival of the allo- 
graft, and length of survival of the patients deter- 
mined. Patients with three or more rejection episodes 
were divided into two groups; a principal group to 
develop a predictive test, and a second group to test 
the hypothesis developed. Thirty-eight patients trans- 
planted between January 1, 1968 and July 15, 1973 
formed the principal study group. In these pa- 
tients, the factors predicting long-term and short-term 
survival of the allograft following treatment of the 
third rejection episode were studied. The formula 
developed was based on information available 
when the patient was admitted for the third rejection 
episode. In the development of this formula, we 
attempted to separate those patients whose kidneys 
survived for longer than one year following treatment 
of the third rejection episode from those who re- 
quired allograft nephrectomy within a year of treatment 
of the third rejection. To determine if it would pros- 
pectively predict the outcome of a third rejection 
treatment, the formula was then applied to 19/121 
patients transplanted between July 15, 1973 and 
December 31, 1974 who had had three or more 
rejection episodes. 


Results 


Three hundred and sixteen patients received first 


renal transplants without technical error between 


January 1, 1968 and July 15, 1973. All patients 
have been followed a minimum of 30 months. Number 
of rejection episodes, patient and kidney survival is 
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TABLE 1. Rejection Episodes versus Functioning Kidneys 


% Kidneys Currently % Patients 


# Rejection Functioning or Currently 
Episodes # Patients Functioning at Death Surviving 
0 131 100% 89% 
I 80 90% 65% 
2 46 67% 63% 
3 38 21% 68% 
z4 21 19% 52% 


Number of rejection episodes versus % kidneys currently 
functioning or functioning at death, and % patients currently 
surviving in 316 recipients of Ist. transplants performed between 
1968 and Dec., 1973 (Minimum follow-up 30 months). 


shown in Table 1. As the number of rejection 
eipsodes increases, the percentage of kidneys currently 
surviving decreases. One hundred per cent of kidneys 
having no rejection episodes currently survive or 
functioned at the time of patient death, compared to 
90% kidneys having one rejection episode, 67% 
having 2, 21% having 3 and 19% having 4 or more. 
In addition, a striking finding is the difference in 
patient survival between those having no rejection 
episodes and those having one or more rejection 
episodes. 8996 of patients who have never had a 
rejection episode currently survive compared to 65% 


TABLE 2. Etiology and Timing of Death in Relation 
to Transplantation 


Time of Death 





Patient #  Posttransplant (Months) Cause of Death 
1 1 Pulmonary embolism 
2 2 Cytomegalovirus 
3 2 Cytomegalovirus 
4 2 Cytomegalovirus 
5 2 Cytomegalovirus 
6 2 Pulmonary embolism 
7 3 Cytomegalovirus 
8 3 Bacterial sepsis 
9 4 Cardiovascular accident 

10 5 Bacterial sepsis 

11 5 Cytomegalovirus 

12 5 Cytomegalovirus 

13 8 Liver failure 

14 8 Renal failure 

15 13 Pulmonary embolism 
16 15 Suicide 

17 16 Bacterial sepsis 

18 18 Myocardial infarction 
19 18 Suicide 

20 28 Myocardial infarction 
21 40 Cytomegalovirus 

22 44 Bacterial sepsis 

23 44 Myocardial infarction 
24 47 Chicken pox 

25 49 Adenocarcinoma 

26 57 Liver failure 

27 59 Cerebrovascular accident 
28 60 Myocardial infarction 





28 patients dying subsequent to one rejection episode. 
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TABLE 3. Cause of Death in Patients After Renal Transplantation as a Function of the Number of Treated Rejection Episodes 





0 Rejections 


Cause of Death ín = 15) (n = 28) 

SEPSIS 

Bacterial 13.3 14.3 

Viral 40.0 32.1 

Other 6.6 
CARDIOVASCULAR 

Myocardial infarction 26.6 14.3 

Cerebral vascular accident 7.1 

Other 10.7 
CANCER 6.6 3.6 
LIVER FAILURE 6.6 7.1 
SUICIDE 7.1 
RENAL FAILURE 3.6 





of patients who have had one rejection episode 
(p = 0.0001); 6396 patients with two rejection episodes; 
68% with three; and 52% with four or more rejec- 
tion episodes. The etiology of death in those patients 
dying subsequent to one rejection episode appeared to 
be directly related to treatment of the rejection in 
approximately half the cases though the majority of 
patients died of causes unrelated to sepsis or rejection 
(Table 2). 

Table 3 compares the frequency of death from each 
cause in patients with varying numbers of rejection 
episodes. Most striking is the increase in deaths due 
to bacterial infection in patients treated for two or 
more rejection episodes. Bacterial infection was re- 
sponsible for death in 13.3% of those dying without 
having had a rejection episode, and 14.3% of those 
dying after one rejection, but was reponsible for 
over 60% of deaths in those dying after two or more 
rejection episodes. Deaths secondary to viral infection 
were more prevalent in those dying after 0 or 1 
rejection episode, whereas deaths due to cardio- 
vascular disease, cancer, liver failure, or suicide 
occurred approximately equally in all groups. 

Thirty-eight patients who had a first rejection episode 
: within the. first four months had three or more treated 
rejection episodes. Eight of these patients still have 


TABLE 4. Duration From Treatment of Third Rejection Until 
Transplant Nephrectomy in 38 Patients 








Time # Patients 
0-6 months 22 
6—]2 months 1 

12-24 months 2 
24—36 months 3 
36-48 months 1 
48—60 months 2 


Currently functioning (serum creat. < 2) 3 (30,33,44 months). 
A Currently functioning (serum creat. > 2) 4 (35,51,53,70 months). 


1 Rejection 


% Dying from Each Cause 


2 Rejections 3 Rejections =4 Rejections 





(n= 17) (n= 1D (n= 10) 
64.7 72.7 60 
11.8 

20 
17.6 
18.2 
9.1 10 
5.9 10 


their original allograft, three with normal function. 
However, 16 had a functioning graft six months after 
treatment for the third rejection and 15 had a func- 
tioning graft one year after treatment (Table 4). 
Thus, treatment of a third rejection episode was asso- 
ciated with prolonged graft survival in 42% of at 
least 6 or more months. 

The charts of these patients were reviewed to deter- 
mine if there were indicators that would predict one 
year allograft function after treatment of the third rejec- 
tion episode. Only information that would have been 
available on admission for the third rejection episode 
was considered. Three factors appeared important in 
predicting outcome: (1) Lowest serum creatinine level 
within one month after initiation of treatment of the 
second rejection episode. This gave a basal index of 
residual kidney function. (2) Lowest serum creatinine 
within one month of the second rejection episode minus 
lowest serum creatinine level within one month of the 
first rejection episode. This gave an index of severity 
of the sequential rejection episodes. (3) Time interval 
between the second and third rejection episodes. 
This gave an index of the rapidity of the sequential 
rejection episodes. 

A formula, giving a rejection intensity index (R.I.I.), 
was developed based on these three factors and is: 
R.LI. = 2a + 2b — (1 — 1/c); where a = (lowest serum 
creatinine level (mg/100ml) within one month of treat- 
ment of second rejection episode]; b = [lowest serum 
creatinine level (mg/i00ml) within .one month of the - 
second rejection episode minus lowest serum creati- 
nine level (mg/100ml) within one month of the first 
rejection episode], and c = [time interval (months) 
between the second and third rejection episodes]. 

If one were to treat all patients whose index was 
<5.0 and not treat all whose index was =5.0, this’ 
formula would have predicted one year allograft sur- 
vival or failure in 33 of the 38 (87%). Examples of’ 
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TABLE 5. Indices versus Graft Survival in 38 Patients Transplanted Between January 1, 1968 
and July 15, 1973 and Treated for a 3rd Rejection Episode 
a= Creatinine Level b = Creatinine Level After c = Time Interval Graft Survival After 
Patient After 2nd Rejection 2nd Rejection — Creatinine "Between 2nd and Treatment of 3rd 
# (mg/100 ml) Level After 1st (mg/100 ml) 3rd Rejection (mos) R.LI.* Rejection 
Function z 1 Year After Treatment of 3rd Rejection Episode 
1 1.4 0 2 1.8 Well-creatinine = 1.2 mg% 
2 1.2 —0.4 1 3.2 Well-creatinine = 1.4 mg% 
3 1.1 —0.1 1 2.0 Well-creatinine = 1.5 mg% 
4 1.0 0 1 2.0 Well-creatinine = 2.4 mg% 
5 1.2 0 2 1.9 Well-creatinine = 2.7 mg% 
6 1.4 0.1 12 2.1 42 months 
7 LI 0 6 1.4 52 months 
8 1.6 0.1 2 2.9 48 months 
9 1.2 -0. 3 1.4 14 months 
10 2.0 0.2 4 3.6 Well-creatinine = 2.6 mg% 
11 1.8 0.4 34 3.4 24 months 
12 2.2 1.0 20 5.4 24 months 
13 2.0 1.2 2 4.9 20 months 
14 1.6 0.2 0.5 4.6 Well-creatinine = 3.2 mg% 
15 1.0 —0.4 1 1.2 27 months 
Nephrectomy Within 1 Year of Treatment of 3rd Rejection Episode 
16 1.5 0.25 1.0 3.5 Nephrectomy 
17 2.5 2.0 0.25 5.2 Nephrectomy 
18 2.0 0.8 1.5 5.4 Nephrectomy 
19 1.9 0.9 1.0 5.6 Neéphiectomy 
20 2.5 1.0 1.0 7.0 Nephrectomy 
21 2.3 1.0 1.0 6.6 Nephrectomy 
22 3.6 Q 1.0 . 7.2 Nephrectomy 
23 5.0 2.0 0.25 14.0 Nephrectomy 
24 4.0 2.4 1.0 12.8 Nephrectomy 
25 2.5 1.0 1.0 7.0 Nephrectomy 
26 2.0 0- 0.5 5.0 Nephrectomy 
27 2.0 1.0 0.5 7.0 Nephrectomy 
28 7.0 5.0 0.5 25.0 Nephrectomy 
29 5.0 2.4 1.0 14.8 Nephrectomy 
30 2.4 1.0 3.0 6.1 Nephrectomy 
31 2.5 0.4 1.0 5.8 Nephrectomy 
32 1.9 —0.1 . 05 | 4.6 Nephrectomy 
33 1.6 0.7 0.33 6.6 Nephrectomy 
34 1.6 —0.8 1.0 1.6 Nephrectomy 
35 1.0 —0.2 12.0 1.0 Nephrectoiny 
36 2.7 1.3 24.0 7.0 Nephrectomy 
37 4.8 E! 1.0 10.4 Nephrectomy 
38 3.1 1.2 1.0 6.6 Nephrectomy 


* R.II. = Rejection Intensity Index: Formula 2a + 2b — (1— 


1/c) gives an index of whether or not to treat a 3rd rejection episode. 


Treating all whose index <5 and removing kidneys from patients whose index is =5 results in removing kidneys that will not function 
for 1 year and treating kidneys that will function for 1 year in 33/38 (87%). 


use of the formula versus outcome are seen in Table 5. 
All patients in this group were followed a minimum 
of 30 months. l 

Each factor in the formula was analyzed individually. 
The serum creatinine following treatment of the second 
rejection episode, when used alone, was predictive. If 
all patients whose serum creatinine level fell to <2mg% 
after treatment of the second rejection episode were 
treated for a third rejection and all those whose 
creatinine level fell to >2mg% were not treated, 
this factor alone would predict success or failure 
following third rejection treatment in 29/38 (76%). The 
~ other two factors would not be predictive when used 


individually. A number of other factors which theoreti- - 
cally may have been predictive (creatinine level 
after first rejection episode, creatinine level on ad- 
mission, peak creatinine level, time of the three rejec- 
tions from transplant, time from first to third rejection) 
were not found to be useful in determining which 
rejection episodes to treat. In addition, when different 
weights were given to the three factors finally 
utilized, the most predictive index was found with the 
above formula. 

The derived formula was then applied to 19/121 
patients transplanted between July 15, 1973 and 
December 31, 1974, and who had three or more rejec- 


108 


TABLE 6. Graft Survival After Treatment of the 3rd Rejection 
Episode versus Index in 19 Patients Transplanted Between 
July 15, 1973 and December 31, 1974— 
(Minimum Follow-up—1 Year) 








Patient- ; 
O # Index Outcome 
T RIL<S - 
1 1.2 Current creatinine 1.5 mg/100 ml 
2 3.0 Current creatinine 1.8 mg/100 ml 
3 1.6 Current Creatinine 1.4 mg/100 ml 
4 2.4 Current creatinine 1.5 mg/100 ml 
5 2.2 Current creatinine 1.4 mg/100 mi 
6 1.2 Current creatinine 1.7 mg/100 ml 
7 2.2” Current creatinine 2.1 mg/100 ml 
8 4,4 Current creatinine 2.7 mg/100.ml 
9 3.4 Current creatinine 4.4 ing/100 ml 
10 3.7 Nephrectomy 
11 3.8 Nephrectomy 
12 3.7 Nephrectomy 
13 4.8 Nephrectomy 
14 4.5 Nephrectomy 
RII. 2 5 

I5 5.6 Current creatinine 2.7 mg/100 ml 
16 6.2 Nephrectomy 
17 6.4 Nephrectomy 
18 5.2 Nephrectomy 
19 5.2 Nephrectomy 





tion episodes. All patients were followed a minimum 
of 12 months. The results are seen in Table 6. The 
formula correctly predicted one year allograft survival 
pr failure following treatment of the third rejection 
episode in 7596 of the non-diabetic patients and 67% 
of the diabetic patients (overall 68%). Three additional 
patients (Patients 12, 13, 14) for whom the formula 
predicted long term graft survival responded well to 
treatment of the third rejection episode but required 
nephrectomy following subsequent rejection episodes. 

‘Use of the rejection intensity index was associated 
with both false positives and false negatives. One of 
five patients in whom we would have predicted 
less than one year graft survival continues to have 
graft function 13 months following treatment of a 
third rejection episode (serum creatinine 2.1 mg/ 
100ml). Five of 14 patients in whom we would have 
predicted greater than one year survival underwent 
transplant nephrectomy .within.a year of treatment 
of a third rejection episode. Thus, with the use of the 
formula, too many patients would still have been 
treated. With a larger patient group, further sophisti- 
cation that would allow. better prediction may be 
possible. 


Discussion 


The management of elevated serum creatinine level 
following renal transplantation can pose a dilemma for 
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the physician. The first problem is to determine 
whether the elevated creatinine is truly due to rejec- 
tion of the allograft. Infection, hyperglycemia, arterial 
stenosis, urinary leak, and ureteral obstruction cause 
serum creatinine level elevations* and for this reason 
we frequently obtain percutaneous needle biopsies of 
the transplant in order to demonstrate histologic eyi- 
dence of rejection prior to treatment. The principal 
value of percutaneous biopsy is the occasional finding 
of normal renal tissue which decreases the possibility 
of rejection in that patient. - 

Secondly, following diagnosis, it must be decided 
whether or not to treat the rejection episode. Treatment 
of rejection episodes usually consists ‘of increased 
dosage of immunosuppressive drugs. These agents are 
nonspecific, and they depress the body's ‘immune 
capabilities. The immunosuppressed patient is in- 
capable of mounting a response to pathogens and thus 
viral, bacterial and fungal infection are a major 
cause of. morbidity and mortality in the transplant 
recipient. 95514 Because of this risk, it has been 
recommended that the chronically or repeatedly reject- 
ing allograft be removed, and the patient maintained 
on hemodialysis.” The time to remove the graft i is. as 
yet undetermined in many cases. 

In patients whose serum creatinine continues to rise 
and who become toxic despite antirejection treatment 
the answer is clear. Similarly, when there is no 
longer evidence of function of the transplant, the 
patient must either be retransplanted or be maintained 
on hemodialysis. However, when there are repeated 
rejection episodes responding to therapy, the time to 
remove the allograft is less well defined. The hazards 
of immunosuppression must be balanced against the 
benefits of continued functioning of the graft and' of 
sparing the patient further surgery and/or maintenance 
hemodialysis. 

Whereas transplant nephrectomy, maintenance 
hemodialysis and retransplantation has been part of 
many transplant programs since their beginning, ?-?-4 
waiting until the transplant fails completely does not 
appear beneficial to the patient. Starzl et al. reported 
that when patients underwent nephrectomy and hemo- 
dialysis after the graft had failed there were numerous 
problems before a second transplant could be per- 
formed." Several patients died from profound wasting, 
others had inexplainable death, and three committed 
suicide. In addition there were a number of problems 
in dialysis management. Because of this, the current 
policy at the University of Colorado is to perform re- 
transplantation before complete homograft failure 
occurs. Similarly, Casali et al. reported that the chron- 
ically rejecting allograft could be left in situ and 
not be removed as long as there was no evidence of 
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acute or subacute rejection. In selected patients 
retransplanted with the first graft still in place there 
were no infectious or hypertensive problems. 

When then should immunosuppression be discon- 
tinued? Salvatierra et al., recently reported a marked 
improvement in one year patient survival following 
living related or cadaver donor transplantation after 
the development of a policy of (a) no immuno- 
suppressive therapy after the second rejection; 
(b) no therapy after the first réjection if renal function 
does not return to normal; and (c) no therapy for 
chronic rejection." With use of these guidelines they 
obtained a one year survival of 100% i in 24 recipients 
of grafts from living related donors and 9195 survival 
in 205 recipients of grafts from cadaver donors. 
Graft survival at one year compared favorably to one 
year graft survival at the same institution before these 
guidelines were set. Retrospective review of the pa- 
tients transplanted at the University of Minnesota be- 
tween January, 1968 and July, 1973 revealed that use of 
these same guidelines would have resulted in removal 
of 7 kidneys that currently continue to function and an 
additional 8 kidneys: that maintained the patient for 
longer than one year following treatment of a third 
rejection episode (Table 5). 

However, review of the same patient series revealed 
that the deaths of three patients closely followed 
repeated antirejection therapy. All three deaths were 
due to bacterial sepsis and. none of the patients 
died with a functioning allograft. We thus attempted 
to determine if there were factors available to the 
physician when the patient presented with a third re- 
jection episode that would predict whether it was 
worthwhile to treat the third rejection episode as far 
as continued function of the graft, and patient 


survival was concerned. A formula, the rejection. 


intensity index, was developed: 

A number of factors may be important in the appli- 
cation of this index as a prognostic index. First, all 
patients at the University of Minnesota have a similar 
protocol for postoperative immunosuppression and 
for anti- -rejection therapy. Second, antilymphocyte 
globulin (ALG) is used in the immediate postopera- 
tive period. All patients receive daily intravenous ALG 
at a dose of 20-30 mg/kg for two weeks posttrans- 
plantation. With the use of ALG, acute rejection 
episodes are seen in only 14% of cadaveric allografts 
in the first month,? and the first rejection episode is 
almost always after the third posttransplant week. 
Third, further refinement of the formula may be 
possible. Different variables may be important for 
diabetic and non-diabetic patients, for older or younger 
patients, for recipients of related versus unrelated 
allografts and for patients with differing clinical 
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presentation (e.g. leukopenia). For example, serious 
repeated rejection episodes are occasionally en- 
countered in HLA identical sibling grafts but such 
grafts rarely reject in the first few years. Analysis 
of these factors will require a larger number of 
patients. 

‘An unexpected finding in our review was the sig- 
nificant difference i in patient survival in those patients 
who have never had a rejection episode (89%) and 
in those who have had only one rejection episode 
(65%) (p < .00001) (Table 1). In some patients the 
one rejection episode was temporally related to a fatal 
infection. It is possible that in some of these patients, 
elevated creatinine in association with infection was 
misdiagnosed as rejection. However, in many patients 
having only one rejection episode there was no tem- 
poral relation between rejection and death. An addi- 
tional striking finding was that greater than 6096 of 
patients dying after treatment of second rejection 
episodes died as a result of bacterial sepsis. 

In conclusion, the high percentage of deaths due to 
bacterial sepsis in those patients treated for multiple 
rejection episodes emphasizes the risks of such treat- 
ment. The alternative approach, i.e. not treating multi- 
ple rejection episodes, will result in loss of some 
kidneys that would have functioned for prolonged 
periods. Therefore, a third rejection should be treated 
in some patients. An intermediate course is required. 
If prolonged graft survival following treatment of à 
rejection episode can be predicted, physicans managing 
the patient have one additional piece of information 
on which to base their decision of whether or not 
to treat that rejection episode. The formula described 
above could provide such an index of prolonged 


grat survival. 
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Pancreaticoduodenal Arterial Aneurysms 


MICHAEL J. VERTA, JR., M.D., RICHARD H. DEAN, M.D.,* JAMES S. T. YAO, M.D., PH.D., JULIUS CONN, JR., M.D., - 


W. HARRISON MEHN, M.D., JOHN J. BERGAN, M.D. 


Experience with four aneurysms of the pancreaticoduodenal 
artery is reviewed and compared to the reported experience of 
19 other cases. In view of the common presentation of such 
lesions as intra-abdominal hemorrhage preceded by non- 
specific abdominal pain and other digestive symptoms, it is sug- 
gested that angiography performed preoperatively or intra- 
operatively allows definitive diagnosis and leads to specific 
therapy. 


LTHOUGH aneurysms of the pancreaticoduo- 

denal artery are uncommon, the catastrophic 
mode of presentation of these lesions requires urgent 
surgical care. Availability of selective catheter 
arteriography allows prompt definitive diagnosis which 
aids in selecting appropriate surgical management of 
these lesions. 

The preoperative diagnosis has rarely been made in 
the past and, now that angiography allows an accurate 
diagnosis to be made, this review of cases presenting 
at the Northwestern University McGaw Medical 
Center has been made in order to formulate a plan for 
diagnosis and treatment. 


Case Reports 


Case 1. A 69-year-old man was seen at the Northwestern University 
Medical Center Hospitals with a three-year history of dysphagia, 
weight loss and chest pain. A very large Zenker’s diverticulum was 
diagnosed, the patient was prepared for surgical correction by fluid 
and blood volume replacement, and diverticulectomy was performed 
successfully. On postoperative day 12, the patient vomited coffee- 
brown material twice. Nasogastric suction and intravenous fluids 
were institufed. In 48 hours, the patient experienced right upper 
quadrant pain, hypotension, tachycardia and abdominal distension. 
Treatment with blood transfusions and intravenous fluids was un- 
successful and autopsy revealed a ruptured aneurysm of the superior 
pancreaticoduodenal artery with retroperitoneal and free peritoneal 
hemorrhage, as well as a duodenal wall hematoma. 


Comment. In this case, techniques of definitive 
diagnosis of upper gastrointestinal bleeding such as 
esophagogastroscopy combined with a contrast 
swallow and possibly supplemented by angiography 
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could have allowed a definitive diagnosis to be made 
prior to rupture of the aneurysm. These were unavail- 
able at the time that this patient was being treated in the 
mid-1950's. 


Case 2. A 73-year-old man with a past history of severe athero- 
sclerotic cardiovascular disease, arthritis, and a seizure disorder was 
admitted to the Emergency Room of the Northwestern Memorial 
Hospital with a 6-week history of abdominal bloating, pain and 
eructation. A sudden onset of abdominal pain and fainting had 
occurred just prior to admission. A recent previous upper gastro- 
intestinal series, cholecystogram, and barium enema had shown no 
abnormalities. . 

The patient was found to be in shock with cyanosis, cold, clammy 
extremities, and an unobtainable blood pressure; pulse, 50 and regu- 
lar. The abdomen was distended and rigid. Rapid infusion of 
crystalloid and colloid solutions raised the blood pressure to 70/50. 
A lateral abdominal roentgenogram showed aortic calcification 
without aneurysm formation. 

Continued intravenous infusions were given as the patient was 
taken to the operating suite. Exploration of the abdomen revealed 
free peritoneal blood, a large retroperitoneal hematoma extending 
into the small bowel mesentery. Medial mobilization of the duo- 
denum revealed the inferior pancreaticoduodenal artery aneurysm, 
which had ruptured into the peritoneal and retroperitoneal spaces. 

Postoperatively, the convalescence was complicated by recurrent 
gastrointestinal bleeding, respiratory insufficiency, pneumonia, 
congestive heart failure and pleural effusions. Improvement was 
slow until the 27th postoperative day, when the patient died 
suddenly. Autopsy revealed an acute anterolateral myocardial in- 
farction. 


Comment. Although this patient was seen at a time 
when sophisticated diagnostic techniques were avail- 
able, the presence of acute circulatory collapse and 
shock prevented use of emergency catheter arteriog- 
raphy. In a less urgent situation, this might have been 
performed. Similarly, when conventional contrast 
studies failed to reveal the cause of a patient's 6-week- 
old complaints, consideration may have been given to 
splanchnic arteriography and the diagnosis of pan- 
creaticoduodenal artery aneurysm could have been 
made. 
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Fic. 1. Diagram iltustrating location of the pancreaticoduodenal 
aneurysms described in the text. 


Case 3. A 53-year-old woman was admitted to the Northwestern 
University Medical Center Hospitals because of sudden onset of 
diffuse, severe abdominal pain. The pain had begun in the right 
upper quadrant when she lifted a heavy object and had persisted over 
a 12-hour period. During this time, the patient had fainted twice. 

The past history was negative except for treatment of sigmoid 
diverticulitis. Physical examination was unrevealing. The hematocrit 
was 36% and the white blood count, 15,300. During the physical 
examination, the patient fainted and her blood pressure became 
unobtainable. She was taken to the operating suite while blood 
volume replacement was begun. 

Surgical exploration revealed a large free accumulation of blood in 
the peritoneal cavity and a large hematoma extending into the small 
bowel and colonic mesenteries. Medial mobilization of the duodenum 
revealed a ruptured aneurysm of the inferior pancreaticoduodenal 
artery. This was treated by aneurysmectomy and the patient re- 
covered slowly but uneventfully. 


Comment. The 12-hour period of symptoms follow- 
ing acute rupture of the pancreaticoduodenal artery 
aneurysm indicates that time was available in this as 
well as the previous two cases for proper preoperative 
evaluation by diagnostic techniques that are presently 
available. 


Case 4. A 64-year-old man was seen at the Northwestern Univer- 
sity Medical Center Hospitals with a history of epigastric and upper 
abdominal pain radiating to the back, associated with nausea and 
vomiting. The pain increased following a meal of lamb chops and 
coffee, and spread to the lower quadrants. There was no prior history 
of peptic ulcer disease. 

Physical examination revealed an elderly Caucasian man in obvious 
distress. He was unable to find a comfortable position in bed. There 
was tenderness and guarding which was poorly localized in the right 
upper quadrant. Laboratory examination revealed a white blood 
count of 14,000 and a normal hemoglobin. A double-dose oral 
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cholecystogram did not visualize the gallbladder. No abdominal 
masses or abnormal calcifications were seen. 

Surgical exploration revealed acute calculous cholecystitis as well 
as a large retroperitoneal hematoma. Medial mobilization of the 
duodenum revealed a ruptured aneurysm of the inferior pancreatico- 
duodenal artery. This was treated by aneurysmectomy, followed by 
an uneventful cholecystectomy. 

The postoperative course was complicated by a minor cerebro- 
vascular accident but recovery from this as well as the surgical pro- 
cedure was gradual and complete. 


Comment. This case demonstrates diagnostic dif- 
ficulties because of the presence of two simultaneously 
occurring pathologic processes, the contribution of 
either of which to the overall clinical picture is im- 
possible to assess. Had exploration not revealed so 
promptly the source of the hematoma, intra-operative 
visceral angiography by hand injection would have 
been the next logical step. 


Discussion 


Although aneurysm formation of minor visceral 
arteries is uncommon and rupture of these aneurysms 
is even less common, these lesions do exist and their 
effects upon patients are devastating. In an 80-year 
period, up to 1975, 19 aneurysms of the pancreatico- 
duodenal artery were reported.? Review of these cases 
(Table 1) indicates that non-specific abdominal pain, 
often occurring in the right upper quadrant, is a com- 
mon characteristic. Symptoms precede frank rupture of 
the aneurysm in nearly every case. Rupture of the 
aneurysm eventually creates manifestations of shock 
but the bleeding is most commonly into the retro- 
peritoneal or intraperitoneal space rather than into the 
gastrointestinal tract. There are reports of bleeding into 
the pancreatic duct? and bleeding secondary to a 
penetrating duodenal ulcer,’ but these are uncommon. 

Since symptoms precede onset of catastrophic 
hemorrhage, it is logical to assume that diagnostic tech- 
niques can be employed to make preoperative and 
prerupture diagnosis. That this is true is proven by the 
report of Spanos”? and by analysis of the four cases 
from the Northwestern University Medical-Center. 

Aneurysms of the pancreaticoduodenal artery occur 
to a great extent in patients in the arteriosclerotic age 
group and are associated with peripheral athero- 
sclerosis (Table 1). Theoretically, such small visceral 
aneurysms may be associated with other arterial 
dysplasias and indeed, Shallow?! demonstrated ap- 
parent failure of fusion of the media and adventitia of 
the arterial bifurcations of visceral aneurysms, indicat- 
ing that this was a similar situation to that seen in intra- 
cranial berry aneurysms. This report has not been con- 
firmed by other investigators. Further substantiating 
the theory that atherosclerosis is a common ac- 
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TABLE |. Summary of Reported Cases of Pancreaticoduodenal Artery Aneurysms 


Author and Year Sex Chief Symptom 

^ Ferguson, 1895? M Abdominal pain 
Keusenhoff, 1934 M Abdominal pain 
Bortalozzi, 1935? M Epigastric pain, jaundice 
Shallow et al. 19467! M Epigastric pain 
van Ouwerker, 195117 M Epigastric pain 
Sampsel et al. 195219 M Chronic intermittent jaundice 
Hendrick, 195219 M Recurrent gallbladder-like 

symptoms 

Catanzaro et al. 19575 F Epigastric pain 
Kelley et al. 19641! F Right upper quadrant pain 
Lannik and Ruskin, 1965" M Abdominal pain 
Blair and Yeager, 1966' M Gastrointestinal bleeding 
Carter and Gosney, 19664 M Abdominal pain 
West et al. 196775 M Gastrointestinal bleeding 
West et al. 196775 M Severe chronic anemia 
Deterling, 19717 M Not stated 
Deterling, 19717 M Jaundice 
Douglas et al. 19718 M Abdominal pain, G.I. bleeding 
Schneider and Zana, 1972% M Gastrointestinal bleeding 
Spanos et al. 1974?? M Abdominal pain 
Case 1 M Abdominal pain 
Case 2 M Abdominal pain 
Case 3 F Abdominal pain 
Case 4 M Epigastric pain 


companying feature of pancreaticoduodenal artery 
aneurysms is a report by Brewer and Marcus,? who 
studied 28 patients with spontaneous intraperitoneal 
hemorrhage and found only 8 in whom both hyperten- 
sion and atherosclerosis were not present. Marks and 
Freedlander!5 confirmed this, noting that 56% of their 
patients had atherosclerosis or hypertension as well. 
Extensive reviews by Stanley? and by Deterling’ also 
support this observation. 

Trauma, of course, can be a cause of aneurysms of 
visceral vessels, including those of the pancreatico- 
duodenal artery. Pertinent to this is the observation of 

. West, Bernhardt and Bowers.?5 
. When all visceral artery aneurysms are considered, 
the report of Stanley” indicates that 94% of these are 
found in males and these lesions carry a 5096 mortality. 
But in recent years, in the last 5 cases encountered and 











Cause of 
Aneurysm Outcome Comment 

Not stated Death 

Atherosclerosis Death 

Atherosclerosis Death Concomitant carcinoma of 

pancreas 
Congenital Death Four aneurysms of inferior pan- 
: creaticoduodenal artery 

Atherosclerosis Survival 

Atherosclerosis Death 

Not stated Survival 

Not stated Survival 

Atherosclerosis Survival 

Atherosclerosis Survival 

Atherosclerosis Survival Duodenal ulcer penetrating an- 
. eurysm of superior PDA 

Not stated Survival 

Trauma Death 

Atherosclerosis Death Bleeding into pancreatic duct 

Atherosclerosis Survival 

Atherosclerosis Survival Hemophilia 

Not stated Survival Re-exploration after angiography 

Not stated Death 

Not stated Survival Re-exploration after angiography 

Atherosclerosis Death 

Atherosclerosis Death Massive myocardial infarction 

Atherosclerosis Survival 

Atherosclerosis Survival Concomitant cholecystitis 


reported, 4 patients have survived.’*%? Tt seems that 
the major reasons for the better rate of survival relate 
to: more aggressive preoperative management includ- 
ing massive intravenous crystalloid and colloid infu- 
sions, aggressive surgical treatment including radical 
resection of adjacent perianeurysmal structures, and 
increased use of selective visceral angiography pre- 
operatively and intraoperatively for localization of 
obscure sites of intra-abdominal hemorrhage. That 
surgical exploration alone without adjuvant studies is 
inadequate is supported by the view of Retzlaff et al.,!* 
who indicate that exploratory laparotomy reveals the 
source of such bleeding in only 3096 of such cases, 
whereas Spanos? suggests that angiography identifies 
the source in at least 50% of all cases. 

Since patients with ruptured pancreaticoduodenal 
artery aneurysms are either in shock or have a history 


114 


of syncope with hypotension, it is frequently tempting 
to bypass visceral angiography in favor of prompt 
surgical exploration. However, it is clear that selective 
angiography should be performed in those cases in 
which sufficient time exists for a properly done selec- 
tive study. Selective celiac and superior mesenteric 
angiography should be done in patients with pain, 
hemorrhage, and shock, the origin of which is not 
detectable by conventional means. Also, it should be 
done.in those patients who have right upper quadrant 
curvilinear calcifications suggestive of aneurysm, and 
in those patients who have an unexplained bruit or mass 
in the abdomen.?? 

Clearly, 4 of 5 patients with splanchnic artery 
aneurysms seek medical attention at the time of rup- 
ture” and itis not always practical to take time for a full 
angiographic study. However, once surgical explora- 
tion has been performed and a large retroperitoneal 
hematoma of obscure origin is noted, intraoperative 
arteriography using injections in the superior mesen- 
teric artery and celiac axis can be done to define the 
origin of the hemorrhage. When the aneurysm has 
been identified, operation can proceed with confidence. 

Definitive management of ruptured aneurysms of the 
pancreaticoduodenal artery is straightforward. Volume 
correction is of prime importance to re-establish 
cardiovascular stability. Excision of the aneurysm is 
definitive therapy and there is no need to restore arterial 
continuity. 

As splanchnic angiography is used more and more in 
the diagnosis of obscure gastrointestinal symptoms, it 
is to be expected that asymptomatic pancreatico- 
duodenal aneuryms will be found. Treatment of these 
lesions by resection is definitive. However, the arterio- 
sclerotic age group of such patients and the presence of 
associated disease processes will influence surgical 
decisions. 
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Fungus Infections After Liver Transplantation 


GERHARD P. J. SCHROTER, M.D., MANFRED HOELSCHER, M.D., CHARLES W. PUTNAM, M.D., KENDRICK A. 


PORTER, M.D., THOMAS E. STARZL, M.D., PH.D. 


The problem of fungus infections after liver transplantation 
was studied. In 100 consecutive recipients of orthotopic liver 
homografts there were 10 and 8 examples, respectively, of 
localized and disseminated infections caused by Candida 
species. Candidemia was demonstrated in 8 of these 18 patients. 
One patient who had a localized Candida infection also had 
disseminated cryptococcosis. An additional 31 patients were 
infested in that Candida could be cultured from sites where it 
is not normally found, such as the blood (8 examples), urine (8), 
ascitic fluid (8), and wounds (22). This exorbitant incidence of 
monilial infections and infestations was associated with a high 
frequency of complications involving the homograft as well as 
the hosts’ gastrointestinal tract during the post-transplanta- 
tion period. The yeasts found in blood, urine, ascitic fluid and 
elsewhere were thought to have originated from the gut. Ten of 
the 100 patients had aspergillosis which was localized in 7 
instances and disseminated in 3. The lung was the most fre- 
quently affected organ. The fungus infections played a con- 
tributory role in the downhill course of our patients but in 
the event of death more fundamental and more frequent causes 
of failure were technical complications involving the homo- 
grafts, difficulties in controlling rejection with reasonable 
immunosuppressive doses and bacterial sepsis. Suggestions 
have been made for the better control of fungal infections in 
liver recipients. 


MMUNOSUPPRESSIVE THERAPY renders organ trans- 
I plant recipients susceptible to a variety of bacterial, 
fungal, protozoal and viral infections. The fact that 
many of the infectious complications are similar in 
recipients of different types of organs is not surprising 
since the immunosuppressive therapy used is the same. 
However, it is also clear that the type of organ replaced 
may cause or be associated with specific infectious 
problems.*!7 After orthotopic liver replacement, 
there has been an unusually high incidence of bac- 
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teremia originating from infections of the biliary tract, 
peritoneal cavity or devitalized liver tissue.?:16:18 

The present studies were undertaken to determine 
the special problems with fungal infections in liver 
transplant recipients, based upon a review of 100 con- 
secutive cases. A more general analysis of the clinical 
events of the first 93 of these patients was recently 
published.“ > 


Methods 


The 100 patients received orthotopic liver homo- 
grafts between March 1, 1963, and May 2, 1975. Con- 
genital biliary atresia, primary hepatic malignancy, 
chronic aggressive hepatitis and alcoholic cirrhosis 
were the most common reasons for operation. Retrans- 
plantation was attempted in 13 patients because the 
primary grafts failed for a variety of reasons of which 
rejection was most common. , 

Twenty-eight of the 100 patients survived at least one 
year after operation. At present, 14 patients including 
one recipient of a second graft (OT 98) are still alive 11⁄4 
to 612 years after transplantation. 

The technical details of the operation’® and the 
principles of postoperative care!*!$ have been de- 
Scribed previously. Azathioprine, prednisone and 
horse antilymphocytic globulin (ALG) were used for 
immunosuppression. If hepatotoxicity of azathioprine 
was suspected, cyclophosphamide was substituted 
since it is thought to have equal immunosuppressive 
value. Alternatively, cyclophosphamide was used in a 
number of cases initially with a switch to azathioprine 
later. 

Knowledge of the biliary tract reconstruction is 
important in understanding the infectious complica- 
tions.!^!8$ Tn early cases, cholecystoduodenostomy or 
choledochocholedochostomy with T-tube stenting was 
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used. In the last 244 years, Roux-en-Y cholecystoje- 
junostomy has been the preferred procedure even 
though it often has been necessary to subsequently 
convert this anastomosis into a choledochojejunostomy 
because of the development of obstruction at or near 
the cystic duct.9:345 The objective of using a defunc- 
tionalized loop of jejunum to accept biliary drainage 
has been to reduce biliary contamination. As an 
alternative procedure for selected cases, choledocho- 
choledochostomy with a T-tube is still used. 

During operation and for various intervals afterwards 
endotracheal tubes, central venous catheters, arterial 
lines, nasogastric tubes and Foley catheters were in 
place. Chest tubes were inserted if a combined ab- 
dominothoracic approach was necessary. Surgical inci- 
sions usually were closed primarily without drains. 
Wounds were drained if the operations were performed 
in the presence of infection, if the biliary anastomosis 
was to the homograft common duct, or if hemostasis 
was not satisfactory. When secondary operations be- 
came necessary because of biliary obstruction or 
fistula, the wounds were left partly open and allowed 
to granulate in. 

The operations were carried out under broad spec- 
trum antibiotic coverage with a combination of Methi- 
cillin, Ampicillin and Kanamycin. Cephalothin, Car- 
benicillin or Gentamicin occasionally were substituted 
with special indications. Intensive and prolonged 
therapy with a variety of antibiotics frequently was 
necessary later for documented or suspected bacterial 
infections. 

Nystatin oral suspension and tablets were given 
routinely as soon as oral intake permitted and as long as 
the patients received antibiotics and/or high doses of 
corticosteroids. Intravenous Amphotericin B in 
gradually increasing doses up to 0.75 mg/kg or oral 
5-Fluorocytosine in doses of 150 mg/kg/day were used 
individually or together to treat suspected or docu- 
mented fungal infections. 

Data about fungus colonization or infection were 
collected from routine cultures of throat, sputum, 
nasotracheal aspirates, stool, urine, blood, wound, 
wound drainage, infected body space and tissue. The 
microorganisms were isolated and identified by 
standard procedures in the clinical microbiologic 
laboratories. For recording the data, orthotopic 
transplant (OT) numbers were used throughout. The 
use of this coding system permits individual patients 
to be identified in various of our publications and to be 
followed from article to article. 

Culture data and histopathologic studies were used 
for a classification of colonization, infestation, or in- 
fection. The designation of infection was used only if 
tissue invasion was proved and required tissue biopsy 
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or autopsy examination. The presence of Candida 
albicans or other yeasts in sites such as oral cavity, 
upper respiratory tract or gastrointestinal tract was 
defined as colonization since yeasts can be normal 
inhabitants of these places. No special significance 
was attributed to the results of tracheal aspirates since 
the nasotracheal catheters were inserted through a con- 
taminated field. Transtracheal aspiration which would 
have avoided this contamination was not employed. 
Since they do not normally grow in these locations, 
yeasts in wounds, drain sites, bile or peritoneal fluid 
were considered to represent infestation if related 
tissue damage was not documented. The finding of 
more than 10° col/ml of yeasts in the urine was called 
infestation as were positive blood cultures if there was 
no other evidence of local or systemic Candida in- 
fection. 


Results 


Fungus infections were seen that were caused by 
yeasts, Aspergillus species and Cryptococcus neo- 
formans. Figure 1 shows examples of all 3 of these 
invasive fungi. 


Yeasts 


Almost all of the yeasts were Candida albicans but in 
afew instances other yeasts such as Candida tropicalis, 
Candida kruzei, or Torulopsis glabrata were identi- 
fied. In reporting, these were grouped together with 
Candida albicans. 

Preoperative Studies. 'The charts of 64 of the 100 
recipients contained the results of routine preoperative 
cultures. Twenty-three (36%) of these 64 patients har- 
bored Candida species. In all 23 recipients the positive 
preoperative cultures of Candida were obtained from 
the upper respiratory tract, 4 had the Candida in the 
urine as well, and 2 also had positive cultures from 
blood samples. 

Postoperative Infection. Eighteen of the 100 patients 
developed Candida infection during the postoperative 
period (Table 1). The infections were localized in 10 
cases and disseminated in the other 8. The diagnosis of 
a yeast infection was suspected during life in many of 
these patients, but usually neither a definitive diagnosis 
nor a full delineation of the location(s) and extent of the 
process was possible until autopsy. 

The 10 localized infections are summarized in Tabie 
1. Yeast infections were confined to the peritoneal 
cavity in 4 patients (OT 17, 47, 63, 81) although in one 
of these (OT 47) there was associated candidemia. The 
peritoneal infections were subhepatic, subphrenic, and 
peripancreatic in location. Pure cultures of Candida 
albicans were grown from the abdominal drainage 
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FiGs. la to e. Disseminated fungal infections in three recipients of liver allografts. The fungi appear as black bodies in tissues obtained at 
autopsy. a. OT 36. Candida albicans in kidney. Grocott’s modification of Gomori's methenamine silver stain (x 180). b. OT 19. Aspergillus 
fumigatus in lung. Grocott’s modification of Gomori' s methenamine silver stain (x 180). c to e. OT 100. Cryptococcus neoformans in lung (c). 


brain (d) and meninges (e). Alcian blue (200). 


fluid in 2 of the 4 cases (OT 63, 81) and in the two others 
there was concomitant bacterial growth. 

There were examples of yeast infection localized to 
the brain (Fig. 2), wound, kidneys (2 examples), heart, 
and subcutaneous tissue (Table 1). The patient with the 
subcutaneous monilial infection also had Cryptococcus 
neoformans in the same suprapubic location which 
later spread to the subcutaneous tissues of the legs, 
arms, and abdomen. The cryptococcal infection was 
disseminated (Fig. 3). 

Disseminated Candida infections in 8 patients were 
overwhelming in the breadth of their organ distribution 


(Table | and Fig. 4). The most common sites of invasion 
were the lungs (7), heart (6), esophagus (6). and 
peritoneum (5). The thyroid, kidney, liver, and brain 
were less commonly involved. Five of the 8 patients 
with disseminated moniliasis had candidemia and 4 had 
candiduria during the postoperative course (Table 1). 

In all 18 patients with yeast infection, some kind of 
damage to the gastrointestinal tract or else a surgical 
complication was obvious clinically or at autopsy 
(Table 2). Eight patients had complications of biliary 
tract reconstruction often with resulting bile leak and/or 
peritonitis, and 5 required operations on the gastro- 
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TABLE 1. Organ Involvement with Candida Infections 





Localized 
(10 Patients) 


Disseminated 


Organs (8 Patients) 





Esophagus 

Stomach 

Liver 

Peritoneal cavity 
Heart 

Lungs 

Kidneys 

Thyroid 

CNS 

Subcutaneous abscesses 
Wound abscess 
Positive blood cultures 
Candiduria 
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intestinal tract at the time of transplantation or later, 
usually for the control of hemorrhage. Sixteen of the 18 
recipients were eventually found to have ulcerations 
which did not seem primarily monilial in origin at some 
level of the gut (Table 2). The lesions covered a large 
etiologic spectrum and included Herpes-induced 
ulcers, peptic disease, stercal ulcers, and colitis. 

The local or disseminated yeast infections were not 
commonly the primary reason for failure. As was 
recently reported elsewhere,!* a lethal chain of events 
was usually set into motion by a technical complication 


5 FLUOROCYTOSINE 






THROAT 
STOOL 


SCHRÓTER AND OTHERS 







i gee 
p 6 6 6 o o 0000 0 
8 


000 0 0600 000 


Ann. Surg. e July 1977 


(most frequently of the bile drainage), by the trans- 
plantation of a damaged homograft, by the inability to 
control rejection, or by the need to use excessively 
high doses of prednisone to achieve adequate control of 
rejection. Monilial infections came later. Three 
examples are illustrated in Figs. 2-4. One patient had 
partial liver dearterialization and hepatic gangrene 
almost immediately after operation; she was never free 
of infection thereafter (Fig. 2). Another patient was the 
victim of excessive immunosuppression, which even in 
the high doses used did not prevent recurrent rejection 
(Fig. 3). A third patient rejected her first graft and was 
given a second organ that was severely damaged by 
ischemia (Fig. 4). 

The complexity of events in the patients with dis- 
seminated Candidiasis has been described before. 
The fungus infection was the primary cause of failure 
only in one patient (OT 83) who had fungemia at the 
time of operation and for at least several days before. 
Nevertheless, the supervention of the disseminated 
Candida infection contributed to the hopelessness of 
the situation in all of the 8 cases. 

Postoperative Infestation. In the foregoing analysis 
of Candida infections, the denominator in arriving at an 
incidence of 18% was considered to be the full 100 
recipients. It was thought unlikely that a clinically 
significant yeast infection would have been missed. 
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Fic. 3. The course of patient OT 100 who was treated with large doses of Prednisone, Azathioprine or Cyclophosphamide to maintain graft 
function. He acquired disseminated cryptococcosis and localized candidiasis during the last month of life. 


In actuality, routine cultures which would have re- 
vealed Candida were obtained in only 87 of the patients. 
Candida infestation was found in 31 (36%) of the 87 
recipients. The yeasts were most frequently found in 
surgical wounds or drain sites (22 examples) and in 
these locations they were always associated with 
bacteria (Table 3). Candida associated with bacteria 
were found in the bile of 5 patients and in the peritoneal 
drainage of 6 more; 2 other patients with yeasts in the 
peritoneal drainage had no accompanying bacteria 
(Table 3). 

Pure cultures of Candida species were common in 
blood and urine samples. Eight patients had can- 
didemia without a bacterial component and there were 
8 examples of pure candiduria (Table 3). 

As with the Candida infections, the infestations had 
a striking association with gastrointestinal lesions or 
complications (Table 4). In 19 of the 31 infestations, 
complications of the bile duct reconstruction had 
occurred with biliary obstruction or fistula or with 
enteric fistula formation from the Roux-en-Y jejunal 
limb, duodenum, or elsewhere. Secondary operations 
on the gastrointestinal tract for bleeding or perforation 
were common as were ulcerations throughout the gas- 
trointestinal tract which usually were detected at 
autopsy (Table 4). There were only 4 examples of in- 
festation in patients who did not have some kind of 
biliary, gastrointestinal or intraperitoneal lesion 


pes 4). 


. 


The clinical significance and threat of the Candida 
infestations per se was difficult to evaluate. The 
presence of the positive cultures in the various sites 
almost always led to a decision for treatment with 
Amphotericin B or 5-Fluorocytosine even though the 
main threat to life invariably was some other kind of 
complication. 

Postoperative Colonization. Among the 87 patients 
who had adequate cultures, another 26 had colonization 
in the normal locations, invariably including the upper 
respiratory tract. 


Aspergillosis 


Nine patients had documented aspergillosis, and in 
a tenth the diagnosis was suspected and treated but not 
proved (Table 5). The infection was localized in 7 of the 
recipients and disseminated in the other 3. The lungs 
were involved in 8 of the 10 patients, being spared only 
in one patient each with localized liver and brain in- 
volvement. The lung lesions ranged from abscesses to 
diffuse necrotizing pneumonitis with pleural in- 
volvement. 

Aspergillus was never found in blood or urine cul- 
tures. Because of positive sputum cultures, the 
diagnosis was suspected during life in 3 of the 10 pa- 
tients, and one of these recipients (OT 78) was ap- 
parently treated successfully. The diagnosis was first 
made at autopsy in the other 7 cases. One patient with 
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aspergillosis of the brain (OT 97) also had candidiasis 
of the heart. 

Aspergillosis was the main cause of death of only 
patient OT 81. The other 9 patients died a few days to 
41 months postoperatively from a variety of principal 
causes that included acute or chronic graft rejection 
(2 examples), duct obstruction (3), irreversible brain 
damage (1), acute graft necrosis (1), and recurrence of 
the primary hepatic tumors for which the liver replace- 
ment had been performed in the first place (2). 


Disseminated Cryptococcosis 


One patient (OT 100) had disseminated Crypto- 
coccosis of lungs, brain, heart, meninges, kidneys, 
pancreas, subcutaneous tissue and liver allograft. 
Blood cultures were positive (Fig. 3). The presence of 
the variably encapsulated yeasts in the central nervous 
system was not associated with inflammation. In the 
lungs the only response was with focal mononuclear 
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and histiocytic inflammation. The necrotic sub- 
cutaneous lesions which had a polymorphonuclear 
leukocyte infiltration contained Candida albicans in 
addition to the Cryptococcus neoformans. Both in- 
fections persisted during 16 days of therapy with 
Amphotericin B, combined with 5-Fluorocytosine for 
11 of the 16 days. 

E. coli and Clostridium septicemia complicated by 
severe small bowel hemorrhage was the immediate 
cause of death. The homograft showed the histologic 
features of mild to moderate chronic rejection in spite 
of the fact that exceptionally heavy immunosuppres- 
sion had been given. f 


Discussion 


Even though the studies were retrospective, and 
although no special effort had been made to detect 
fungi, about three-fourths of the recipients eventually 
became colonized, infested or infected with yeasts. 
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Fic. 4. The course of patient OT 99 who was retransplanted because of failure of the first graft. She died of combination of ischemic graft injury 
and untreated disseminated candidiasis. The Candida infection antedated second transplantation. ( 
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TABLE 2. Gastrointestinal Damage and Biliary Complications 
in Patients with Localized and Disseminated 
Candida Infections 








Localized 
{10 Patients) 


Disseminated 


Gastrointestinal damage (8 Patients) 





Ulcerations of: 


Oral cavity 1 4 
Esophagus 6 4 
Stomach 5 5 
Small bowel 3 
Colon 1 3 
Bacterial peritonitis 3 l 
GI tract operation 3 2 
Pancreatitis 2 4 
Biliary Complications 
Obstruction 2 4 
Bile and/or enteric fistula 3 2 





The yeasts were not always classified, but most were 
Candida albicans. In many cases colonization with 
Candida was already present at the time of transplanta- 
tion, and in the others it tended to develop early post- 
operatively. - : 

Candida are part of the normal human flora. Dis- 
turbances in this flora were undoubtedly caused by 
the intensive antibiotic therapy% which was necessary 
to control bacterial infection during and after liver 
transplantation. The increase in the yeast population 
was particularly striking in the gastrointestinal tract of 
our patients. Dissemination to other areas from the 
gastrointestinal tract was a predictable derivative 
hazard. A normal human volunteer has demonstrated 
upon himself that ingestion of a large quantity of 
Candida albicans was followed by transient candiduria 
and candidemia.5 In patients made susceptible by 
immunosuppression, malnutrition, steroid diabetes, 
and other factors common in liver recipients, such 
episodic candidémias would be more apt to cause 
metastatic infections. l 

In addition, the ‘‘porosity”’ of the gastrointestinal 
tract to Candida would be predictably greater than 
normal in liver recipients, apart from any role played by 
immunosüppression. Advanced liver disease in and of 
itself has a high association with erosive lesions of the 
esophagus, stomach, and bowel. During the trans- 


TABLE 3. Positive Culture Sites in 31 Patients 
Infested with Candida Species 





No. of 
Culture Sites Examples 
Blood 8 
Urine 8 
Peritoneal fluid 8 
Bile 5 
Surgical wound or drain site 22 
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plantation, variable venous hypertension is imposed on 
the bowel during partial cross clamping and extensive 
manipulation is necessary. Multiple intestinal anasto- 
moses must be performed if biliary reconstruction is 
with a Roux-en-Y jejunal loop. After operation, a 
variety of extrahepatic gastrointestinal complications 
has been noted. In addition to the difficulties recorded 
in Tables 2 and 5, about 1096 of patients had hypo- 
motility syndromes associated with or without colonic 
or ileal fecal impaction. Some of the small gastro- 
intestinal ulcerations that developed postoperatively 
were proved or suspected of being due to activation 
of cytomegalovirus and Herpes simplex. 

The liver itself or its duct system was apparently the 
site of contamination in some cases. When the. liver 
was seriously damaged from ischemia or devasculari- 
zation, or when the duct system leaked or was ob- 
structed the incidence of positive Candida cultures 
from ascitic fluid, the liver, and even the blood became 
overwhelming. In such cases, the yeast infestations or 
infections were only a part of a complex chain of 
adverse and ultimately lethal events in which bacterial 
invasion became the most deadly factor.!* 

The gastrointestinal tract is not the only potential 
entry site of Candida. Respiratory and urinary origins 
could become a factor as the result of prolonged 
respirator care or urinary catheterization as could 
venous or arterial catheters. However, these sources 
had little significance in the moniliasis we observed in 
our patients. 

Our review of our experience has suggested several 
therapeutic approaches. Oral administration of a non- 
absorbable antifungal agent such as Nystatin should be 
used to reduce colonization of the gastrointestinal tract 
with Candida. However, the efficacy of this preventive 
measure has been limited by restrictions in oral intake, 


TABLE 4. Gastrointestinal Damage and Biliary Complications 
in 31 Patients Infested with Candida Species 





No. of 
Gastrointestinal Damage Examples 


Ulcerations of: 


Oral cavity 
Esophagus 
Stomach 
Duodenal ulcer 
Small bowel 
Colon 
Peritonitis 
GI tract operation 
Pancreatitis 
Peritoneal carcinomatosis 
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Biliary Complications 


Obstruction 16 
Bile and/or enteric fistula 6 
None Detected 4 





122 SCHRÓTER AND OTHERS 


TABLE 5. Organ Involvement with Localized and 
Disseminated Aspergillosis 





Localized 
(7 Patients) 


Disseminated 


Organs (7 Patients) 





Esophagus 
Stomach 
Peritoneum 
Liver 
Spleen 
Pancreas 
Kidneys 
Adrenals 
Lungs 
Heart 
Brain 
Thyroid 
Prostate 
Skin 


— — N uU 3 G9 UJ F3 — F9 — — FH — 
tA 





by disturbed bowel function and motility and by the 
fact that exposure of areas like the oral cavity and 
esophagus to the medication are so transient. If this 
conservative measure fails to control colonization, 
early treatment should be considered with low doses of 
intravenous Amphotericin B which do not result in 
irreversible renal damage. Such prophylactic treatment 
may decrease the chance of developing disseminated or 
metastatic infection in doses that would not be ex- 
pected to be effective in established infections. Be- 
cause of the rapid development of drug resistant yeast 
populations during administration of 5-Fluorocyto- 
sine," Amphotericin B appears to be the preferred 
agent for this purpose, in spite of its greater intrinsic 
toxicity. 

If it were not for the yeasts, fungus infections in 
liver recipients would not be problems much different 
than that seen after renal'?*5!! and cardiac? trans- 
plantation. The next most common hazard to the liver 
patients was invasive aspergillosis, which was localized 
in 7 patients and disseminated in 3 patients. The 
diagnosis was made or suspected prior to death in 3 pa- 
tients in whom aspergillosis was found in sputum cul- 
tures. Colonization with this fungus was not observed. 
The clustering of cases of aspergillosis during a period 
of months was consistent with the concept that this in- 
fection is acquired from the environment. The frequent 
pulmonary involvement suggested that inhalation of 
spores was a common mode of infection. The gastric 
infections pointed to ingestion of spores as an alterna- 
tive and less common means of infection. 

Cryptococcus neoformans caused the only other 
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kind of fungus infection in the series of 100 patients, 
and even this was associated with Candida albicans. 
The combined infection could not be controlled. 
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a history of drug dependence should 
be under close supervision while 
receiving Talwin orally 

m Significant abnormalities of liver 
and kidney function have not been 
reported — even after extended use 


given narcotics, including methadone, may experience withdrawal 
symptoms after receiving Talwin. 

Adverse Reactions 

Reactions reported after oral administration of Talwin include 
gastrointestinal: nausea, vomiting; infrequently constipation; and rarely 
abdominal distress, anorexia, diarrhea. CNS effects: dizziness, 
lightheadedness, sedation, euphoria, headache; infrequently weakness, 
disturbed dreams, insomnia, syncope, visual blurring and focusing 
difficulty, hallucinations; and rarely tremor, irritability, excitement, 
tinnitus. Autonomic: sweating; infrequently flushing; and rarely chills. 
Allergic: infrequently rash; and rarely urticaria, edema of the face. 
Cardiovascular: infrequently decrease in blood pressure, tachycardia. 
Hematologic: rarely depression of white blood cells (especially 
granulocytes), which is usually reversible, moderate transient 
eosinophilia. Orher: rarely respiratory depression, urinary retention, 
paresthesia, toxic epidermal necrolysis. 

Dosage and Administration 

Adults: The usual initial adult dose is 1 tablet (50 mg.) every three or 
four hours. This may be increased to 2 tablets (100 mg.) when needed. 
Total daily dosage should not exceed 600 mg. Tolerance is rare. Abrupt 
discontinuance following chronic use has rarely caused withdrawal 
symptoms. Talwin is not subject to narcotic controls. 

Overdosage 

Oxygen, parenteral naloxone, intravenous fluids, vasopressors, assisted or 
controlled ventilation, and other supportive measures should be employed 
as indicated. 





y Winthrop Laboratories 
Winthrop | New York, N.Y. 10016 
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Years ago, most ostomates went home with a so-called “permanent” appliance. The 
disposables available then were mainly for post-op use. Now, though, there’s a 
family of simple, convenient disposables your patient can wear home with confi- 
dence. These Hollister disposables offer all you'd expect of “post-op” appliances: 
lightness, one-piece construction, ease of handling. Yet they're strong—made of a 
tough multi-layered film that holds back odor more than 200 times as effectively as 
common polyethylene plastic. Thousands of ostomates who were started with 
Hollister disposables in the hospital have gone right on using them as their full-time 
appliances. Your patients can, too. 


OSTOMY PRODUCTS 


THE DISPOSABLE OSTOMY APPLIANCES 
MADE FOR EVERYDAY WEAR 


"TTL om 
yu 


Dos dud 


— 


COLOSTOMY: 
Send her home confident. 

An odor-barrier Karaya Seal stoma 
bag will provide 
skin protection, 
security, and 
simple self-care 
until her ° 
colostomy is 
regulated. And 
Hollister's ver- 
satile, mess- 
minimizing 
Combination 
Cone/Tube 
Irrigator Kit offers an easy way to 
establish her irrigating routine. 


* 


There's a Hollister Pede to simplify 


every stoma-care tas 


HOLLISTER» 








ILEOSTOMY: 
Send him home secure. 


Specify a Karaya Seal Drainable— 


the disposable 
that provides 
effective skin 
protection 
without elaborate 
skin preparation. 
It fits snugly 
around the stoma, 
sealing off skin 
from potentially excoriating 
discharge, yet is easy to put 
on, easy to empty, and easy 
to dispose of. 














UROSTOMY: 
Spare her the faceplate-cement- 
solvent routine. 


Requisition 

Urostomy Bag 

appliances by 

Hollister. These 

one-piece dis- 

posables have a 

convenient drain 

valve for ambula- 

tory patients, a 

snap-on tube for 

bedside drainage, 

and do away with 

the time-consuming 

ritual associated with QN je 
most "permanent" appliances. °° 


NO-CHARGE EVALUATION SETS AVAILABLE. 


Write on professional or hospital letterhead. 


‘HOLLISTER INCORPORATED * 211 EAST CHICAGO AVENUE, CHICAGO, ILLINOIS 60611 
HOLLISTER LIMITED * WILLOWDALE, ONTARIO M2J 1P8 


PRINTED IN*U.S.A. 


© 1976, HOLLISTER INCORPORATED, ALL RIGHTS RESERVED 
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In your patients... 





erience 
the nes 
of Nebcin 








E mg? in 
2-ml. ampoules 
cm ate nt to 


tobramycin sulfate - 





59A 








treating 
peritonitis 


In patients with peritonitis in whom you 
suspect septicemia and the gram-negative 
organism isolated from blood is likely to be 
susceptible to tobramycin in your hospital 
setting...you may start therapy with Nebcin 
before you receive results of susceptibility 
studies? In this situation, Nebcin may be 
a great help to you and gain valuable time 
for your patient. 

In proper indications and recommended 
dosages, the general effectiveness of Nebcin is 
well-known. Experience its benefits in treating 
your patients who have peritonitis caused 
by susceptible strains of the indicated gram- 

negative organisms. 


@ LM./IV 
In 
*Due to indicated susceptible organisms. e C 


+The decision to continue therapy with Nebcin should be tobramycin sulfate 


based on the results of susceptibility studies, the severity for serious gram- negative 
of the infection, and the important additional concepts infections in your hospital 


discussed in the Warnings box on the next page. 
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Please see following page for summary of prescribing information. ] * 


Nebcin’ 


tobramycin sulfate 


Summary of Prescribing Information 





WARNINGS 
Patients treated with Nebcin should be under close clinical observation, 
because tobramycin and other aminoglycoside antibiotics have an inher- 
ent potential for causing ototoxicity and nephrotoxicity. 

Both vestibular and auditory ototoxicity can occur. Eighth-nerve impair- 
ment may develop if patients have preexisting renal damage and if Nebcin 
is administered for longer periods or in higher doses than those 
recommended. 

Tobramycin is potentially nephrotoxic. Renal and eighth-nerve function 
should be closely monitored in patients with known or suspected renal 
impairment and also in those whose renal function is initially normal but 
who develop signs of renal dysfunction during therapy. Such impairment 
may be characterized by cylindruria, oliguria, proteinuria, or evidence of 
nitrogen retention (increasing BUN, NPN, or creatinine). Evidence of 
impairment in renal, vestibular, or auditory function requires discontinua- 
tion of the drug or dosage adjustment. 

Nebcin should be used with caution in premature and neonatal infants 
because of their renal immaturity and the resulting prolongation of serum 
half-life of the drug. 

In the case of overdosage or toxic reactions, peritoneal dialysis or hemo- 
dialysis will help remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible, and 
prolonged concentrations above 12 mcg. /ml. should be avoided. Urine 
should be examined for increased excretion of protein, cells, and casts. 

Concurrent and sequential use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicin, 
cephaloridine, paromomycin, viomycin, polymyxin B, colistin, and vanco- 
mycin, should be avoided. 

Nebcin should not be given concurrently with potent diuretics. Some 
diuretics themselves cause ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 

Usage in Pregnancy—Safety of this product for use during pregnancy 
has not been established. 











Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside 
group, is derived from the actinomycete Streptomyces tenebrarius. Nebcin Injec- 
tionisa clear and colorless sterile aqueous solution for parenteral administra- 
tion. Itis stable and requires no refrigeration. 

Indications and Usage: Nebcin is indicated for the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudomonas 
aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole-negative), 
Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter sp., and staphy- 
lococci, including Staphylococcus aureus (coagulase-positive and 
coagulase-negative). 

Nebcin is indicated in the treatment of septicemia; central-nervous-system 
infections, including meningitis; neonatal sepsis; serious lower respiratory infec- 
tions; gastrointestinal infections, including peritonitis; and serious skin, bone, 
and soft-tissue infections, including burns, caused by the susceptible organisms 
listed above. Clinical studies have shown Nebcin also to be effective in serious 
complicated and recurrent urinary tract infections due to these organisms. 
Aminoglycosides, including Nebcin, are not indicated in uncomplicated initial 
episodes of urinary tract infections unless the causative organisms are not 
susceptible to antibiotics having less potential toxicity. Nebcin may be considered 
in serious staphylococcal infections when penicillin or other potentially less toxic 
drugs are contraindicated and when bacterial susceptibility testing and clinical 
judgment indicate its use. 

Bacterial cultures should be obtained prior to and during treatment to isolate 
and identify etiologic organisms and to test their susceptibility to tobramycin. If 
susceptibility tests show that the causative organisms are resistant to tobramy- 
cin, other appropriate therapy should be instituted. In patients in whom gram- 
negative septicemia, neonatal sepsis, or meningitis is suspected, including those 
in whom concurrent therapy with a penicillin or cephalosporin and an aminogly- 
coside may be indicated, treatment with Nebcin may be initiated before the 
results of susceptibility studies are obtained. The decision to continue therapy 
with Nebcin should be based on the results of susceptibility studies, the 
severity of the infection, and the important additional concepts discussed in the 
WARNINGS box above. 

Contraindication: A history of hypersensitivity to tobramycin is a contraindication 
to its use. 

Warnings: See WARNINGS box above. 

Precautions: Specimens should be collected during therapy for examination, as 
recommended in the WARNINGS box. 

Neuromuscular blockade and respiratory paralysis have been reported in cats 
receiving very high doses of tobramycin (40 mg./Kg.). The possibility that 
prolonged or secondary apnea may occur should be considered if tobramycin is 
administered to anggthetized patients who are also receiving neuromuscular 
blecking agents, sd as succinylcholine or tubocurarine. 


Cross-allergenicity among aminoglycosides has been demonstrated. 

If overgrowth of nonsusceptible organisms occurs, appropriate therapy should 
be initiated. 

Adverse Reactions: Nephrotoxicity—Renal function changes, as shown by rising 

BUN, NPN, and serum creatinine and by oliguria, cylindruria, and increased 

proteinuria, have been reported, especially in patients with a history of renal 

impairment who are treated for longer periods or with higher doses than those 
recommended. 

Neurotoxicity—Adverse effects on both the vestibular and auditory branches 
of the eighth nerve have been noted, especially in patients receiving high doses or 
prclonged therapy. Symptoms include dizziness, vertigo, tinnitus, roaring in the 
ears, and hearing loss. 

NOTE: The risk of toxic reactions is low in patients with normal renal function 
who do not receive Nebcin in higher doses or for longer periods of time than 
those recommended. 

Other reported adverse reactions possibly related to Nebcin include increased 
serum transaminase (SGOT, SGPT) and increased serum bilirubin; anemia, 
granulocytopenia, and thrombocytopenia; and fever, rash, itching, urticaria, 
nausea, vomiting, headache, and lethargy. 

Suggested Dosage Guides—I.M./I.V.: 

The usual duration of treatment is seven to ten days. 

Usual dosage for adults, children, and older infants (normal renal function) — 
3mg./Kg./day administered in three equal doses every eight hours. In life- 
threatening situations, the dosage may be increased up to 5 mg. /Kg./day 
administered in three or four equal doses. This dosage should be reduced to 
3mg./Kg./day as soon as Clinically indicated. (Refer to Table 1 for 
dosage schedule.) 

Dosage for neonates up to one week of age (normal renal function)— 

Upto 4 mg./Kg./day may be given in two equal doses every twelve hours. 
Dosage guidelines for adult or pediatric patients with reduced renal function— 

After a loading dose of 1 mg. /Kg., subsequent dosage must be adjusted either 

with reduced doses at eight-hour intervals or with normal doses at prolonged 

intervals. To determine the reduced dose at eight-hour intervals, see the conven- 
ient nomogram in the package literature.* To calculate normal dosage at 
prolonged intervals (if the creatinine clearance rate is not available and the 
patient's condition is stable), the following formula may be used: 

1 mg./Kg.q.(6 x serum creatinine) h. 

Neither regimen should be used when dialysis is being performed. 

I.V. Administration— The usual volume of diluent for adults is 50 to 100 ml. For 
children, the volume of diluent should be proportionately less than for adults. 
The diluted solution usually should be infused over a period of twenty to sixty 
minutes. 


*An alternate rough guide for determining reduced dosage at eight-hour intervals (for patients 
whose steady state serum creatinine values are known) is to divide the normally recommended 
dose by the patient's serum creatinine 

Table 1. Dosage Schedule Guide for Adults with Normal Renal Function 
(Dosage at Eight-Hour Intervals) 











Usual Dose for Maximum Dose for Life- 
Serious Infections Threatening Infections 
For Patient (Reduce as soon as possible) 
Weighing 1mg./Kg.q.8h. 1.66 mg./Kg.q.8h. 
| Kg. Lb. (Total, 3mg./Kg./day) (Total, 5 mg./Kg./day) | 
mg./dose ml./dose* mg./dose ml./dose* 
q.8h. q.8h. 

120 264 120 mg. 3 ml 200 mg. 5 ml 

115 253 115 mg. 2.9 ml. 191 mg. 4.75 ml. 

110 242 110 mg. 2.75 ml. 183 mg. 4.5 ml. 

105 231 105 mg. 2.6 ml. 175 mg. 4.4 ml. 

100 220 100 mg. 2:5: ml. 166 mg. 4.2 ml. 
95 209 95 mg. 2.4 ml. 158 mg. 4 ml 
90 198 90 mg. 2.25 ml. 150 mg. 3.7/5ml 
85 187 85 mg. 2.1 ml. 141 mg. 3.5 ml. 
80 176 80 mg. 2 ml 133 mg. 3.3 ml. 
75 165 75 mg. 1.9 ml. 125 mg. 3.1 ml. 
70 154 70 mg. 1.75 ml. 116 mg. 2:9 tl. 
65 143 65 mg. 1.6 ml. 108 mg. 2.7 ml. 
60 132 60 mg. 1.5 ml. 100 mg. 2.5 ml. 
55 121 55 mg. 1.4 ml. 91 mg. 2.25ml 
50 110 50 mg. 1.25 ml. 83 mg. 2.1 ml 
45 99 45 mg. 1.1 ml. 75 mg. 1.9 ml 
40 88 40 mg. 1 ml 66 mg. 1.6 ml 

















* Applicable to all product forms except Nebcin, Pediatric, Injection (see How Supplied). 


How Supplied: Ampoules Nebcin® (tobramycin sulfate, Lilly) Injection, 80 mg. 
(equivalent to tobramycin) per 2 ml., 2 ml., rubber-stoppered. 

Ampoules Nebcin, Pediatric, Injection, 20 mg. (equivalent to tobramycin) per 2 
ml., 2 ml., rubber-stoppered. 

Hyporets® (disposable syringes, Lilly) Nebcin Injection, 60 mg. (equivalent to 
tobramycin) per 1.5 ml., 1.5 ml., and 80 mg. (equivalent to tobramycin) per 2 P 
ml., 2 ml., in packages of 24. 

Each ml. also contains 5 mg. phenol as a preservative, 3.2 mg. sodium bisul- 
fite, 0.1 mg. edetate disodium, and water for injection, q.s. Sulfuric acid and/or 


sodium hydroxide may have been added to adjust the pH. [0304768] 
Additional information available 
SL to the profession on request. . 
bly Eli Lilly and Company IN 


Indianapolis, Indiana 46206 
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ATLAS OF APPLIED 
VASCULAR SURGERY 


By KIYOSHI INOKUCHI, M.D., 
and AKIRA KUSABA, M.D. 





Here is a unique and timely atlas text describing 
the wide variety of diseases and lesions that have 
been successfully treated through vascular anas- 
tomoses performed with a new stapling instrument 
originated and perfected by Dr. Inokuchi. 


The extensive experiences of the authors with ves- 
sel suturing equipment have extended the use of 
these instruments beyond the repair and recon- 
struction of vessels, to other areas of surgery. For 
example, use of the Inokuchi stapling instrument 
has made possible the free transplantation of intes- 
tine as a reconstruction of the cervical esophagus. 


A highlight of the book is a discussion of the many 
problems and difficulties which arise in portacaval 
shunt for portal hypertension. The authors have 
realized success in this operation and describe a 
new technique—left gastric venous-caval shunt. 


This highly descriptive book contains details on 
the design of the Inokuchi vascular stapler and 
step-by-step instructions on its use and applica- 
tions. Many of the operations performed utilizing 
the device are discussed, describing the 
techniques used and giving case histories. 


198 pages / 301 illustrations, including 68 photographs. 
11 in color / 21 Tables / 1975 / $57.00. 


ee be ee ee 


Lippincott 


J. B. Lippincott Company 
East Washington Square e Phila., Pa. 19105 


Please send me: 
O ATLAS OF APPLIED 








VASCULAR SURGERY ............ $57.00 
Name 
Address 
City State Zip 





[J Payment enclosed 


D Charge and bill me 
Save postage & handling 


Plus postage & handling 


Also available at your medical bookstore AS 7/77 
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Before prescribing, please consult complete product information. a 
summary of which follows 

INDICATIONS: Tigan is indicated for the contro! of nausea and 
vomiting 


CONTRAINDICATIONS: The injectable form of Tigan in children, the 
suppositories in premature or newborn infants, and use in patients 
with known hypersensitivity to trimethobenzamide are contra- 
indicated Since the suppositories contain benzocaine they should not 
be used in patients known to be sensitive to this or similar local 
anesthetics 


WARNINGS: 





Caution should be exercised when administering Tigan to chil- 
dren for the treatment of vomiting. Antiemetics are not recom- 
mended for treatment of uncomplicated vomiting in children 
and their use should be limited to prolonged vomiting of known 
etiology. There are three principal reasons for caution 


1 There has been some suspicion that centrally acting anti- 
emetics may contribute, in combination with viral illnesses (a 
possible cause of vomiting in children), to development of 
Reyes syndrome. a potentially fatal acute childhood enceph- 
alopathy with visceral fatty degeneration, especially involving 
the liver Although there is no confirmation of this suspicion, 
caution is nevertheless recommended 


2 The extrapyramidal symptoms which can occur secondary 
to Tigan may be confused with the central nervous system 
signs of an undiagnosed primary disease responsible for the 
vomiting, e.g.. Reyes syndrome or other encephalopathy 


3. It has been suspected that drugs with hepatotoxic potential 
such as Tigan, may unfavorably alter the course of Reyes syn- 
drome. Such drugs should therefore be avoided in children 
whose signs and symptoms (vomiting) could represent Reyes 
syndrome. It should also be noted that salicylates and aceta- 
minophen are hepatotoxic at large doses Although it is not 
known that at usual doses they would represent a hazard in 
patients with the underlying hepatic disorder of Reyes syn- 
drome, these drugs, too, should be avoided in children whose 
signs and symptoms could represent Reye's syndrome, unless 
alternative methods of controlling fever are not successful 











Tigan may produce drowsiness. Patients should not operate motor 
vehicles or other dangerous machinery until their individual responses 
have been determined. Reye s syndrome has been associated with 
the use of Tigan and other drugs. including antiemetics, although their 
contribution, if any, to the cause and course of the disease hasn t been 
established. This syndrome is characterized by an abrupt onset shortly 
following a nonspecific febrile illness, with persistent, severe vomit- 
ing, lethargy. irrational behavior, progressive encephalopathy leading 
to coma, convulsions and death 


Usage in Pregnancy: Trimethobenzamide hydrochloride was studied 
in reproduction experiments in rats and rabbits and no teratogenicity 
was suggested. The only effects observed were an increased percent- 
age of embryonic resorptions or stillborn pups in rats administered 
20 mg and 100 mg/kg and increased resorptions in rabbits receiving 
100 mg/kg. In each study these adverse effects were attributed to 
one or two dams. The relevance to humans is not known Since there 
is no adequate experience in pregnant or lactating women who have 
received this drug, safety in pregnancy or in nursing mothers has not 
been established 


PRECAUTIONS: During the course of acute febrile illness, encepha- 
litides, gastroenteritis, dehydration and electrolyte imbalance, espe- 
cially in children and the elderly or debilitated, CNS reactions such 
as opisthotonos, convulsions, coma and extrapyramidal symptoms 
have been reported with and without use of Tigan or other antiemetic 
agents. In such disorders caution should be exercised in administering 
Tigan, particularly to patients who have recently received other CNS- 
acting agents (phenothiazines, barbiturates, belladonna derivatives). 
It is recommended that severe emesis should not be treated with an 
antiemetic drug alone; where possible the cause of vomiting should 
be established. Primary emphasis should be directed toward the res- 
toration of body fluids and electrolyte balance, the relief of fever and 
relief of the causative disease process. Overhydration should 
be avoided since it may result in cerebral edema. 

The antiemetic effects of Tigan may render diagnosis more difficult 
in such conditions as appendicitis and obscure signs of toxicity due 
to overdosage of other drugs 


ADVERSE REACTIONS: There have been reports of hypersensitivity 
reactions and Parkinson-like symptoms. There have been instances 
of hypotension reported following parenteral administration to sur- 
gical patients. There have been reports of blood dyscrasias, blurring 
of vision, coma, convulsions, depression of mood, diarrhea, disorien- 
tation, dizziness, drowsiness, headache. jaundice. muscle cramps and 
opisthotonos If these occur. the administration of the drug should be 
discontinued Allergic-type skin reactions have been observed. there- 
fore. the drug should be discontinued at the first sign of sensitization 
While these symptoms will usually disappear spontaneously, sympto- 
matic treatment may be indicated in some cases 
NOTE: The injectable form is intended for intramuscular use only, it 
is not recommended for intravenous use 
HOW SUPPLIED: Suppositories, Pediatric, 100 mg, boxes of 10 Sup- 
positories, 200 mg, boxes of 10 and 50 

Ampuls. 2 ml, boxes of 10 Multiple-Dose Vials. 20 ml Thera-Ject* 
(Disposable Syringes), 2 ml, boxes of 10 Capsules 250 mg. bottles of 
100 and 500. 100 mg. bottles of 100 


Beecham 


laboratories 
Bristol, Tennessee 37620 
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TIGAN,... 


(trimethobenzamide HCI) 


for reliable control of postoperative 
nausea and vomiting 


Nausea and vomiting may seriously disrupt 
the course of recovery from surgery. Torn 
sutures, fluid and electrolyte cw Apes and 
disturbed digestive function are among the 
untoward consequences of unchecked nausea 
and vomiting. 

Tigan is a specific antiemetic-antinauseant, 
with no other indications. Its action is so 
smooth and gentle that patients seldom 
experience any effect but the relief of nausea 
and vomiting Tigan was designed to give. 

Side effects are not unknown in 
patients taking Tigan, but these effects 
are seldom sufficient to require with- 
drawal of therapy. (Please see prescrib- 
ing information.) 

The instruction, “Tigan 200 mg I.M., 
p.r.n. q6h for nausea" on your patiénts' 
charts should help keep their recovery 
smooth and unruffled by disturbances 
either from emesis or from antiemetic 
side effects. 


TIGAN injectables 


(trimethobenzamide HCl) 
for prompt relief 
of postoperative nausea and vomiting 






































Vials 
Ampuls 

Thera-Ject* Disposable Syringes 
*Tigan injectable forms are 
contraindicated in children. 


Please see adjoining page for Brief Summary. 





















BL RROUGHS WELLCOME CO. MAKES | ; 
CODEINE COMBINATION PRODUCTS. - 


YOU MAKE THE CHOICE. 








EMPIRIN EMPRACET 
COMPOUND cCODEINE 


Each tablet contains: 
+ codeine phosphate, 30 mg (gr 12), 


(Warning: May be habit-forming); 
Each tablet contains: and acetaminophen 300 mg. 
codeine phosphate, 32 mg (gr 1), 

(Warning: May be habit-forming); Ill . 
aspirin, 227 mg; phenacetin, 162 mg; 
and caffeine, 32 mg. 

Burroughs Wellcome Co. 
Ill dx Research Triangle Park 


Wellcome | North Carolina 27709 . 


— AUGUST 1977 e VOL. 186, NO. 2 


45s 16017] ISSN 0903-4932 ANSUA5 


ANNALS 


of 
SURGERY 


A Monthly Review of 


Surgical Science and Practice 


Since 1885 
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OLYMPUS 
offers you a choice of best sellers 
for upper GI diagnosis and surgery. 

GIF-P2 


New thin flexible fiberscope 
with 4-way tip angulation. 










Newest standard, 
end viewing scope. 








The only oblique 
viewing upper GI scope. 


Don't settle for any features except those 
which satisfy your own requirements. Write 


OLYMPUS 


M.I.D., 2 Nevada Drive, 
New Hyde Park, New York 11040 


ANTISEPTIC 
SECURITY 


in scrubbing and 
prepping 


For surgeons, nurses and patients 
the prompt, broad-spectrum action 
of BETADINE Microbicides 
provides topical antiseptic security. 


BETADINE Surgical Scrub, for 
scrubbing by the surgical team and 
for optimal skin degerming in 
prepping the patient... promptly 
achieves full microbicidal effect with 
each usage... (in the rare instance 
of local irritation or sensitivity, 
discontinue use in the individual). 


BETADINE Solution or BETADINE 
Aerosol Spray, to enhance antisepsis 

in prepping after initial use of 
BETADINE Surgical Scrub. BETADINE 
Solution and BETADINE Aerosol Spray 
are film-forming...active in the presence 
of blood, pus and serum...help 
maintain postoperative antisepsis when 
applied to incisions. 
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ANTISEPTIC 
SECURITY 


against topical infections 
of skin, wounds, burns 


BETADINE® Ointment provides 
prompt, prolonged broad-spectrum 
microbicidal activity against organ- 
isms commonly encountered in skin 
and wound infections. It is not greasy 
or sticky, and is virtually nonirritating 
to skin and mucosa. It does not stain 
skin and natural fabrics, does not 
block air, and the site of application 
may be bandaged. 


BETADINE Ointment Packette 14, oz. 
and ¥4 oz., disposable packettes for de- 
germing small skin areas, as in hyper- 
alimentation, catheter care, umbilical 
area care or circumcision. 


BETADINE Ointment 1 oz. tube, for 
treating common skin infections and to 
help prevent infection in abrasions, 
lacerations and burns. 


BETADINE Ointment 1 Ib. and 5 Ib. jar, for 
anti-infective treatment of the burn wound 
or infected stasis ulcers...for extensive 

skin areas...or for prolonged application. 
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Foremost documented 
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may be implicated 

in a number of clinical situations, 

including... 

» septic abortions 

» deep wounds 

» bacteremia 

PIE metastatic or other abscesses in association 
with thromboembolic phenomena 


Sensitivity testing is always Under normal conditions, bacte- 

recommended prior to instituting roides are benign. But in infectious 

therapy with Chloromycetin situations they can be extremely 

(chloramphenicol). However, in virulent. 

some situations, it may be neces- Fortunately, most bacteroides 

sary to administer Chloromycetin | infections are susceptible to 

before sensitivity tests have been Chloromycetin (chlorampheni- : } 

completed. col) therapy. Yet, all too often their drugs are ineffective ¢ 
presence goes undetected. So contraindicated. 

Bacteroides are the most prevalent today, many authorities recommend But when bacteroide 

microbial flora of man. They are early—and vigorous—treatment cated, Chloromyceti 

anaerobic, aero-intolerant, non- with Chloromycetin when the phenicol) therapy ma 

sporeforming, nonmotile, gram- clinical impression suggests that a conservative course. 

negative bacilli. They most often Bacteroides infection is present. situations, the benef 

appear in mixed infections, and are  Chloromycetin must be used only with Chloromycetin is 

highly opportunistic. Further, they in those serious infections for See next page for full 

are very difficult to culture. which less potentially dangerous information. 





CHLOROMYCETIN 


(chloramphenicol) Sodium Succinate 





Prescribing information—Chloromycetin 
(chloramphenicol) Sodium Succinate 
For intravenous administration 


WARNING 
Serious and fatal blood dyscrasias (aplastic 
anemia, hypoplastic anemia, thrombocytopenia, 
and granulocytopenia) are known to occur after 
the administration of chloramphenicol. In addi- 
tion, there have been reports of aplastic anemia 
attributed to chloramphenicol which later termi- 
nated in leukemia. Blood dyscrasias have oc- 
curred after both short-term and prolonged 
therapy with this drug. Chloramphenicol must 
not be used when less potentially dangerous 
agents will be effective, as described in the 


Indications section. It must not be used in the 


treatment of trivial infections or where it is not 
indicated, as in colds, influenza, infections of the 
throat; or as a prophylactic agent to prevent 
bacterial infections. 

Precautions: It is essential that adequate blood 
studies be made during treatment with the drug. 
While blood studies may detect early peripheral 
blood changes, such as leukopenia, reticulocyto- 
penia, or granulocytopenia, before they become 
irreversible, such studies cannot be relied on to 
detect bone marrow depression prior to develop- 
ment of aplastic anemia. To facilitate appropriate 
Studies and observation during therapy, it is 
desirable that patients be hospitalized. 





IMPORTANT CONSIDERATIONS IN PRESCRIBING IN- 
JECTABLE CHLORAMPHENICOL SODIUM SUCCINATE 


CHLORAMPHENICOL SODIUM SUCCINATE IS IN- 
TENDED FOR INTRAVENOUS USE ONLY. IT HAS 
BEEN DEMONSTRATED TO BE INEFFECTIVE WHEN 
GIVEN INTRAMUSCULARLY. 


1. Chloramphenicol sodium succinate must be hydro- 
lyzed to its microbiologically active form and there is 
a lag in achieving adequate blood levels compared 
with the base given intravenously. 

2. The oral form of chloramphenicol is readily absorbed 
and adequate blood levels are achieved and main- 
tained on the recommended dosage. 

3. Patients started on intravenous chloramphenicol so- 
dium succinate should be changed to the oral form 
as soon as practicable. 


DESCRIPTION 

Chloramphenicol is an antibiotic that is clinically use- 
ful for, and should be reserved for, serious infections 
caused by organisms susceptible to its antimicrobial 
effects when less potentially hazardous therapeutic 
agents are ineffective cr contraindicated. Sensitivity 
testing is essential to determine its indicated use, but 
may be performed concurrently with therapy initiated 
on clinical impression that one of the indicated condi- 
tions exists (see Indicaticns section). 

Each gram (10 ml of a 1096 solution) of chloram- 
phenicol sodium succinate contains approximately 52 
mg (2.25 mEq) of sodium. 

ACTIONS AND PHARMACOLOGY 

In vitro chloramphenicol exerts mainly a bacteriostatic 
effect on a wide range of gram-negative and gram- 
positive bacteria and is active in vitro against rickett- 
sias, the lymphogranuloma-psittacosis group, and Vibrio 
cholerae, It is particularly active against Salmonella 
typhi and Hemophilus influenzae. The mode of action 
is through interference or inhibition of protein syn- 
thesis in intact cells and in cell-free systems. 

Chloramphenicol administered orally is absorbed 
rapidly from the intestina! tract. In controlled studies 
in adult volunteers using the recommended dosage of 
50 mg/kg/day, a dosage of 1 g every six hours for eight 
doses was given. Using the microbiological assay 
method, the average peak serum level was 11.2 mcg/ml 
one hour after the first dose. A cumulative effect gave 
a peak rise to 18.4 mcg/ml after the fifth dose of 1 g. 
Mean serum levels ranged from 8 to 14 mcg/ml over the 
48-hour period. Total urinary excretion of chloramphen- 
icol in these studies ranged from a low of 6896 to a 
high of 99% over a three-day period. From 8% to 12% 
of the antibiotic excreted is in the form of free chlor- 
amphenicol; the remainder consists of microbiolog- 
ically inactive metabolites, principally the conjugate 
with glucuronic acid. Since the glucuronide is excreted 
rapidly, most chloramphenicol detected in the blood is 
in the microbiologically active free form. Despite the 
small proportion of unchanged drug excreted in the 
urine, the concentration of free chloramphenicol is 
relatively high, amounting to several hundred menmi 
in patients receiving divided doses of 50 mg/kg/day. 
Small amounts of active drug are found in bile and 
feces. Chloramphenicol diffuses rapidly, but its distri- 
bution is not uniform. Highest concentrations are found 
in liver and kidney, and lowest concentrations are found 
in brain and cerebrospinal fluid. Chloramphenicol en- 
ters cerebrospinal fluid even in the absence of menin- 
geal inflammation, appearing in concentrations about 
half of those found in the blood. Measurable levels are 
also detected in pleural and in ascitic fluids, saliva, 
milk, and in the aqueous and vitreous humors. Transport 
across the placental barrier occurs with somewhat lower 
concentration in cord blood of newborn infants than 


in maternal blood. 
INDICATIONS 

In accord with the concepts in the Warning Box and 
this Indications section, chloramphenicol must be 
used only in those serious infections for which less 
potentially dangerous drugs are ineffective or con- 
traindicated. owever, chloramphenicol may be 
chosen to initiate antibiotic therapy on the clinical 
impression that one of the conditions below is be- 
lieved to be present; in vitro sensitivity tests should 
be performed concurrently so that the drug may be 
discontinued as soon as possible if less potentially 
dangerous agents are indicated by such tests. The 
decision to continue use of chloramphenicol rather 
than another antibiotic when both are suggested by 


in vitro studies to be effective against a specific 
pathogen should be based upon severity of the in- 
fection, susceptibility of the pathogen to the various 
antimicrobial drugs, efficacy of the various drugs in 
the infection, and the important additional concepts 
contained in the Warning Box above. 


1. Acute infections caused by S typhi* 
It is not recommended for the routine treatment of 
the typhoid carrier state. 
2. Serious infections caused by susceptible strains in 
accordance with the concepts expressed above. 
a) Salmonella species 
b) H influenzae, specifically meningeal infections 
C) Rickettsia 
d) Lymphogranuloma-psittacosis aroup 
e) Various gram-negative bacteria causing bacte- 
romia; meningitis, or other serious gram-negative infec- 
ions 
f) Other susceptible organisms which have been 
demonstrated to be resistant to all other appropriate 
antimicrobial agents 
3. Cystic fibrosis regimens 


*In the treatment of typhoid fever, some authorities recommend 
that chloramphenicol be administered at therapeutic levels for 8 
to 10 days after the patient has become afebrile to lessen the pos- 
sibility of relapse. 


CONTRAINDICATIONS 
Chloramphenicol is contraindicated in individuals with 
a history of previous hypersensitivity and/or toxic reac- 
tion to it. /t must not be used in the treatment of trivial 
infections or where it is not indicated, as in colds, in- 
fluenza, infections of the throat; or as a prophylactic 
agent to prevent bacterial infection. 


PRECAUTIONS 

1. Base line blood studies should be followed by peri- 
odic blood studies approximately every two days during 
therapy. The drug should be discontinued upon appear- 
ance of reticulocytopenia, leukopenia, thrombocytope- 
nia, anemia, or any other blood study findings attribut- 
able to chloramphenicol. However, it should be noted 
tnat such studies do not exclude the possible later 
appearance of the irreversible type of bone marrow 
depression. 

2. Repeated courses of the drug should be avoided 
if at all possible. Treatment should not be continued 
longer than required to produce a cure with little or no 
risk of relapse of the disease. 

3. Concurrent therapy with other drugs that may 
cause bone marrow depression should be avoided. 

4. Excessive blood levels may result from administra- 
tion of the recommended dose to patients with im- 
paired liver or kidney function, including that due to 
immature metabolic processes in the infant. The dosage 
should be adjusted accordingly or, preferably, the blood 
concentration should be determined at appropriate 
intervals. 

5. There are no studies to establish the safety of this 
drug in pregnancy. 

6. Since chloramphenicol readily crosses the pla- 
cental barrier, caution in use of the drug is particularly 
important during pregnancy at term or during labor be- 
cause of potential toxic effects on the fetus (gray syn- 
drome). 

7. Precaution should be used in therapy of premature 
and full-term infants to avoid gray syndrome toxicity. 
(See Adverse Reactions.) Serum drug levels should 
be carefully followed during therapy of the newborn 
infant. 

8. Precaution should be used in therapy during lacta- 
tion because of the possibility of toxic effects on the 
nursing infant. 

9. The use of this antibiotic, as with other antibiotics, 
may result in an overgrowth of nonsusceptible organ- 
isms, including fungi. If infections caused by nonsus- 
ceptible organisms appear during therapy, appropriate 
measures should be taken. 


ADVERSE REACTIONS 
1. Blood Dyscrasias 

The most serious adverse effect of chloramphenicol 
is bone marrow depression. Serious and fatal blood 
dyscrasias (aplastic anemia, hypoplastic anemia, throm- 
bocytopenia, and granulocytopenia) are known to occur 
after the administration of chloramphenicol. An irre- 
versible type of marrow depression leading to aplastic 
anemia with a high rate of mortality is characterized by 
the appearance weeks or months after therapy of bone 
marrow aplasia or hypoplasia. Peripherally, pancyto- 
penia is most often observed, but in a small number of 
cases only one or two of the three major cell types 
(erythrocytes, leukocytes, platelets) may be depressed. 

A reversible type of bone marrow depression, which 
is dose-related, may occur. This type of marrow depres- 
sion is characterized by vacuolization of the erythroid 
cells, reduction of reticulocytes, and leukopenia, and 
responds promptly to the withdrawal of chloramphenicol. 

An exact determination of the risk of serious and 
fatal blood dyscrasias is not possible because of lack 
of accurate information regarding (1) the size of the 
population at risk, (2) the total number of drug-asso- 
ciated dyscrasias, and (3) the total number of nondrug- 
associated dyscrasias. 

In a report to the California State Assembly by the 
California Medical Association and the State Depart- 
ment of Public Health in January 1967, the risk of fatal 
aplastic anemia was estimated at 1:24,200 to 1:40,500 
based on two dosage levels. 

There have been reports of aplastic anemia attri- 
buted to chloramphenicol which later terminated in 
leukemia. 

Paroxysmal nocturnal hemoglobinuria has also been 
reported. 

2. Gastrointestinal Reactions 

Nausea, vomiting, glossitis and stomatitis, diarrhea 
and enterocolitis may occur in low incidence. 
3. Neurotoxic Reactions 

Headache, mild depression, mental confusion, and 
delirium have been described in patients receiving 
chloramphenicol. Optic and peripheral neuritis have 
been reported, usually following long-term therapy. If 
this occurs, the drug should be promptly withdrawn. 


4. Hypersensitivity Reactions 

Fever, macular and vesicular rashes, angioedema, 
urticaria, and anaphylaxis may occur. Herxheimer reac- 
tions have occurred during therapy for typhoid fever. 
5. "Gray Syndrome" 

Toxic reactions including fatalities have occurred in 
the premature and newborn; the signs and symptoms 
associated with these reactions have been referred to 
as the gray syndrome. One case of gray syndrome 
has been reported in an infant born to a mother having 
received chloramphenicol during labor. One case has 
been reported in a 3-month-old infant. The following 
summarizes the clinical and laboratory studies that 
have been made on these patients: 


a) In most cases, therapy with chloramphenicol had 
been instituted within the first 48 hours of life. 

b) Symptoms first appeared after three to four days 
of continued treatment with high doses of chloram- 
phenicol. 

c) The symptoms appeared in the following order: 
(1) abdominal distension with or without emesis; 
(2) progressive pallid cyanosis; 

(3) vasomotor collapse, frequently accompanied 
by irregular respiration; 

(4) death within a few hours of onset of these 
symptoms. 

d) The progression of symptoms from onset to exitus 
was accelerated with higher dose schedules. 

€) Preliminary blood serum level studies revealed un- 
usually high concentrations of chloramphenicol 
(over 90 mcg/ml after repeated doses). 

f) Termination of therapy upon early evidence of the 
associated symptomatology frequently reversed the 
process with complete recovery. 


ADMINISTRATION 
Chloramphenicol, like other potent drugs, should be 
prescribed at recommended doses known to have thera- 
peutic activity. Administration of 50 mg/kg/day in di- 
vided doses will produce blood levels of the magnitude 
to which the majority of susceptible microorganisms 
will respond. 

As soon as feasible, an oral dosage form of 
chloramphenicol should be substituted for the intra- 
venous form because adequate blood levels are 
achieved with chloramphenicol by mouth. 

The following method of administration is recom- 
mended: 

Intravenously as a 10% (100 mg/ml) solution to be 
injected over at least a one-minute interval. This is pre- 
pared by the addition of 10 ml of an aqueous diluent 
such as water for injection or 596 dextrose injection. 


Adults DOSAGE 


Adults should receive 50 mg/kg/day in divided doses 
at six-hour intervals. In exceptional cases, patients 
with infections due to moderately resistant organisms 
may require increased dosage up to 100 mg/kg/day to 
achieve blood levels inhibiting the pathogen, but these 
high doses should be decreased as soon as possible. 
Adults with impairment of hepatic or renal function or 
both may have reduced ability to metabolize and ex- 
crete the drug. In instances of impaired metabolic 
processes, dosages should be adjusted accordingly. 
(See discussion under Newborn Infants.) Precise con- 
trol of concentration of the drug in the blood should be 
carefully followed in patients with impaired metabolic 
processes by the available microtechniques (informa- 
tion available on request). 

Children 

Dosage of 50 mg/kg/day divided into four doses at 
six-hour intervals yields blood levels in the range effec- 
tive against most susceptible organisms. Severe infec- 
tions (eg, bacteremia or meningitis), especially when 
adequate cerebrospinal fluid concentrations are desired, 
may require dosage up to 100 mg/kg/day; however, it is 
recommended that dosage be reduced to 50 mg/kg/day 
as soon as possible. Children with impaired liver or kid- 
ney function may retain excessive amounts of the drug. 


Newborn Infants 
(See section titled Gray Syndrome under Adverse 
Reactions.) 

A total of 25 mg/kg/day in four equal doses at six- 
hour intervals usually produces and maintains concen- 
trations in blood and tissues adequate to control most 
infections for which the drug is indicated. Increased 
dosage in these individuals, demanded by severe infec- 
tions, should be given only to maintain the blood con- 
centration within a therapeutically effective range. After 
the first two weeks of life, full-term infants ordinarily 
may receive up to a total of 50 mg/kg/day equally di- 
vided into four doses at six-hour intervals. These dosage 
recommendations are extremely important because 
blood concentration in all premature infants and full- 
term infants under two weeks of age differs from that 
of other infants. This difference is due to variations in 
the maturity of the metabolic functions of the liver and 
the kidneys. 

When these functions are immature (or seriously im- 
paired in adults), high concentrations of the drug are 
found which tend to increase with succeeding doses. 


Infants and Children with Immature Metabolic Proc- 
esses 

In young infants and other children in whom imma- 
ture metabolic functions are suspected, a dose of 25 
mg/kg/day will usually produce therapeutic concen- 
trations of the drug in the blood. In this group par- 
ticularly, the concentration of the drug in the blood 
should be carefully followed by microtechniques. (In- * 
formation available on request.) 


HOW SUPPLIED 

NDC 0071-1089-10 (Steri-Vial& No. 57) 
Chloromycetin (chloramphenicol) Sodium Succinate 
is supplied as a dried powder in Steri-Vials (rubber- 
diaphragm-capped vials). When reconstituted as di- 
rected, each vial contains a sterile solution equiva- 
lent to 100 mg of chloramphenicol per milliliter 
(1 g/10 ml). Available in packages of 10 vials. 
CHLOROMYCETIN, brand of chloramphenicol. Reg* 
US Pat Off RJ 
PD-JA-1280-2-P (2-75) 


PARKF DAVIS & COMPANY. Detroit. Michiaan 48232 
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Virtually complete absorption 
in GI disorders 


Less than 100 cm of functioning jejunum is usually all GI patients 
need for virtually total absorption of the complete nutrition 
Vivonex HN provides? because Vivonex HN is formulated with 
free amino acids, simple carbohydrate and low fat, and requires 
virtually no active digestion. Negligible residue keeps the bowel 
essentially at rest. 

Vivonex HN is useful in the nutritional management of pro- 
tein-calorie malnutrition, which occurs frequently in patients with 
ulcerative colitis, acute granulomatous disease of the small or 
large intestine, carcinoma, intestinal atresia in infants, malab- 
sorption syndrome, fistulas, short-gut syndrome, pancreatitis, 
and Crohns disease. 

Moreover, Vivonex HN reduces biliary, pancreatic and 
intestinal secretions. It may be administered orally or via enteral 
catheter. It may also be used to fortify traditional clear liquid 
regimens, as an enteral alternative to parenteral alimentation, 
and as an adjunct to routine parenteral glucose and fluid. 


For the nutritional management of 
ign -calorie malnutrition 


Vivonex" 


free amino acid...complete enteral nutrition 
minimal digestion...maximal absorption 


Supplied unflavored in boxes containing ten 80-gram packets. 
Each packet provides 300 kcal. Ten packets provide 3,000 kcal, 
20 gm usable nitrogen (125 gm usable protein), and a full day's 
balanced nutrition. 


Flavor with Vivonex Flavor Packets 

(artificially flavored) Orange, strawberry, grape, beef broth, and 
tomato. A/so available: Vivonex Standard Diet. Supplied unfla- 
vored in boxes containing six 80-gram packets. Each packet pro- 
vides 300 kcal. Six packets provide 1,800 kcal, 5.88 gm usable 
nitrogen (36.75 gm usable protein). 


Please note: Information on Vivonex usage and precautions accompanies the product and 
should be reviewed before use 


*Randall HT: Enteric Feeding. In Ballinger WF, Collins JA, Drucker WR, et al. (Editors) 
Manual of Surgical Nutrition, Philadelphia, W. B. Saunders Company, 1975, pp. 280-281 


® Originators of chemically defined diets 
EATON LABORATORIES 
division of Morton-Norwich Products, Inc. 


Norwich, New York 13815 
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POPeROPYIENE SUTURE 


ds of procedures, 









qualities and characteristics} Monofilament smoothness, 
strength, pliability, knot sequri 
fatigue-induced fracture. 
only a minimal tissue reactie 
PROLENE suture retains i vivo tensile strength after 
prolonged implantation even in the presence of infection. 


ETHICON 


PROLENE* Pol ongen Nonabsorbable role Suture WITH ATRALEASE* CONTROL RELEASE* Needle differs from U.S.P. only in needle attachment 
PROLENE Pol up OA may be used wherever a nonabsorbable surgical suture is recommended. CO! AINDICATIONS — 
. None known. WARNINGS — ATRALE L RELEASE needle sutures should not be resterilized by steam autoclave as it may affect needle pull-off. 
PRECAUTIONS — y). ro other synthetic AE uin secu itd the standard surgical technic of flat and square ties, with additional throws if indicated by 
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ANNALS OF SURGERY is a monthly journal which 
considers for publication original articles in the 
field of surgery. It is the oldest continuously pub- 
lished journal in the English language solely 
devoted to the surgical sciences. The Editorial 
Board considers only papers judged to offer sig- 
nificant contributions to the advancement of 
surgical knowledge. 


ConTRIBUTIONS. Four typed copies of the 
manuscript and four copies of the illustrations 
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trations in the event that the manuscripts are lost 
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Copyright or trade names of drugs should be cap- 
italized. Units of measurement should be ex- 
pressed in the metric system. Temperature should 
be expressed in degrees centigrade. All contribu- 
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Black and white illustrations will be repro- 
duced free of charge, but the publisher reserves 
the right to establish a reasonable limit upon 


the number supplied. Color illustrations will be 
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should appear at the end of the manuscript with 
corresponding numbers in the text. All references 
should be specifically mentioned in the body of 
the manuscript. The list of references should be 
selective with not more than 20 references except 
under unusual circumstances. References should 
conform to the style of the Index Medicus. 


McNamara, J. J, Molot, M. D. 
Some Physical Properties of Stored Blood. 
1971. 


Changes in 
174:58, 


and Stremple, J.: 
Ann. Surg., 


PUBLISHERS NOTICES 


CHANGE or ADDRESS: Please allow 60 days be- 
fore date of issue for change of address. Notifica- 
tion should include the old as well as the new 
address, with indication of whether the change is 
temporary or permanent. Please give the name of 
the journal. 

Copies will not be replaced without charge 
unless we receive a request within 60 days of the 
mailing in the U. S. or within 90 days in all other 
countries. 


Business Appress: Subscriptions, reprints, ad- 
vertising, and all business communications should 
be addressed to: 


ANNALS OF SURGERY 

B. Lippincott Co. 
Bast Washington Square 
Philadelphia, Pa. 19105 


Published Monthly. Subscription Rates $25.00 per 
year in United States and possessions; all other 
countries $34.00. All prices include postage. Single 
issues $4.00. Rate for Residents, U.S. only, $19.00. 


The publishers accept no responsibility for 
opinions expressed by contributors. $ 














A new 
surgical light 
based on our 
analysis of 
your needs. 


It evolved from in-depth studies 
of surgeons’ needs during the 
most demanding and complex 
surgical procedures. 

We watched the surgical team 
at work. We talked with members 
of the team about their needs and 
desires, their likes and dislikes. 
We studied surgical techniques 
from the standpoint of produc- 
tivity, efficiency, cost-effective- 
ness, and patient care. 

The result: Challenge 22, a 
lighting system that offers a 
uniquely broad combination of 





pluses that reflect the require- 
ments of today's O.R. suite. 

Pluses such as cool penetrating 
light that gives the surgical team 
superior insight into deep-cavity 
operations. Pluses that include a 
tungsten-halogen light source 
tested and found ideally suited 
for surgical lighting. And a spe- 
cially designed filter system that 
effectively reduces temperature 
and provides a cooler surgical 
environment. 





To satisfy diversified require- 
ments of diversified surgical pro- 
cedures, Challenge 22 is offered 
with a number of mounting sys- 
tems. Lightheads may be sus- 
pended from a central hub and 
rotating horizontal arms. They 
can also be track-mounted —either 
fixed or rotating. In any of these 
arrangements, Challenge offers 
excellent shadow control. 

Fixtures move freely, smoothly 





and quietly — from within or out- 
side the sterile field —but do not 
"drift; once they're positioned. 
Light patterns and intensities 
can be adjusted to meet the 
requirements of various surgical 
procedures. 

These and other innovative 
features of Challenge 22 are the 
result of AMSCO's direct and 
continuing involvement with health 
care. An involvement that posi- 
tions AMSCO as both partner 
and problem solver to hospitals 
and the people who run them. 

And while Challenge 22 literally 
sheds new light on surgical pro- 
cedures, our entire involvement 
in health care is designed to 
achieve the same objective. . . 
figuratively. 

‘Today. And well into the future. 
Your partner in 
Health-Care Progress 
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Viokase® costs your patients less than other pancreatic preparations 


4x N.F. Protease 
6x N.F. Amylase 
10 x N.F. Lipase 
(whole pancreas) 
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inthe management of exocrine pancreatic deficiencies 


The effectiveness of Viokase is con- 
firmed by over twenty-five years of 
clinical experience...and it still 
costs your patients less than other 
pancreatic preparations Current lit- 
erature'? documents the use of Vio- 
kase as a digestive aid in cystic fi- 
brosis and in exocrine pancreatic 
deficiencies usually due to chronic 
pancreatitis, pancreatectomy or 
obstruction in the pancreas caused 
by malignant growth 


Pancreatic Dis- 
57: 140-145 


1. Kafka, E. and Klaser, H.: " 
ease", Postgraduate Medicine, 
1975 

2. Long, W.B. and Weiss, J.B.: Gastroen- 
terology, 67:920-925, 1974. 


VIOKASE* 
(pancreatin) 


Description: VIOKASE is a pan- 
creatic enzyme concentrate of por- 
cine origin containing standardized 
amylase, protease and lipase ac- 
tivities plus esterases, peptidases 
nucleases and elastase 


The enzyme potency of the tablets 
and powder are: 
Each325 mg. Each 0.75 gram 





Tablet (‘/s teaspoonful) 
Lipase, N.F. Units 6.500 15.000 
Protease, N.F. Units 32.000 75.000 
Amylase, N.F. Units 48.000 112.500 


Under conditions of the N.F. test 
method (in vitro) VIOKASE has the 
following total digestive capacity: 





Each 325 mg. Each 0.75 g. 

Tablet Powder 
Dietary Fat 23 53 grams 
Dietary Protein 32 75 grams 
Dietary Starch 48 112 grams 


VIOKASE Tablets are not enteric 
coated 


Indications: As a digestive aid in 
cystic fibrosis and in exocrine pan- 
creatic deficiencies usually due to 
chronic pancreatitis, pancreatec- 
tomy or obstruction in the pancreas 
caused by malignant growth 


Administration and Dosage: 
Powder: Dosage to patients with 
cystic fibrosis: Y3 teaspoon (0.75 
grams) with meals 


VIOBIN CORPORATION 


Tablets: Dosage to patients with cys- 
tic fibrosis or chronic pancreatitis 
— 1 to 3 tablets with meals. For aid- 
ing digestion in patients with pan- 
createctomy or gastrectomy—1 to 2 . 
tablets taken at 2-hour intervals, or 
as directed by physician. 


Caution: Federal law prohibits dis- 
pensing without prescription 


Warnings: Avoid inhalation of 
powder. 


Precautions: Use with caution in 
patients known to be allergic to pork 
protein 


How Supplied: 7 
Powder: Bottles of 4 ounces and 8 
ounces 


Tablets: Bottles of 100 and 500 


Literature Available: Complete lit- 
erature available upon request in- 
cluding information on BEEF VIO- 
KASE DERIVED FROM BEEF PAN- 
CREAS FOR THOSE EXCEPTIONAL 
PATIENTS ALLERGIC TO PORK. 


A Subsidiary of A.H. Robins Company 


Monticello, IL 61856 


GeeNU bomustneCON ss 


/n oid anticancer chemotherapeutic 
agent useful in the management of: 


1/orimary and metastatic | 

biain tumors, fo Owing appropriate 

surgery and/or adiotherapy | 
8 


.. 2/ Hodgkin's disease, as a 
secondary therapy - 


2^ 

CeeNU is to be used in the above indications as ! "M > 
palliative therapy in addition to other modalities, or 
in established combination therapy with other 
approved chemotherapeutic agents. 

The oral formulation of CeeNU™ provides 
a significant advantage for patient management, 
both in the hospital and, when feasible, on an 
outpatient basis. 

Since the major toxicity with CeeNU™ 
is delayed bone marrow suppression, blood 
counts should be monitored weekly for at 
least 6 weeks after each dosage. 


Supplied: 10 mg, 40 mg and 100 mg 
capsules. 

The package consists of six cap- 
sules of the following sizes: For further information on CeeNU (lomustine [CCNU] ), 
Blenoxane (sterile bleomycin sulfate), Mutamycin (mitomycin for injection), 
fill out business reply card. 














i Check 
T | | here 
| | : I would like further information on CeeNU™(omustine [ccnu]) [ ] 
| l - Blenoxane? o 
^ | (sterile bleomycin sulfate) 
: M ycin? E 
(mitomycin for injection) 1 
twolümg two40mg  twol00mg i . 
eapsules capsules capsules E acu is | gt M NIE LET n 
By combining certain capsule : NAME 
sizes, the physician can titrate the 
actual dosage to within 10 mg of : E oS oe ee MORI T PME IE o OM D ee 
the calculated dosage based on 
body surface area. E cO e M ME UE o o or 
I CITY STATE ZIP 
For Brief Summary of Prescribing I 
Information, see reverse side. i 
[| 


CeeNU™ (lomustine [CCNU]) 
For complete information, consult 
Official Package Circular. (3) 3/77 


Warning 


CeeNU should be administered by 
individuals experienced in the use 
of antineoplastic therapy. ` 

Since the major toxicity is de- 
layed bone marrow suppression, 
blood counts should be monitored 
weekly for at least 6 weeks after 
a dose. (See "Adverse Reactions”.) 

At the recommended dosage, 
courses of CeeNU should not be 
given more frequently than every 
6 weeks. 

Caution should be used in ad- 
ministering CeeNU to patients with 
decreased circulating platelets, 
leukocytes, or erythrocytes. (See 
"Dosage and Administration") 

Liver function should be moni- 
tored periodically. (See " Adverse 
Reactions") 





Indications. CeeNU is indicated as 
palliative therapy to be employed in 
addition to other modalities, or in 
established combination therapy with 
other approved chemotherapeutic 
agents in the following: 

Brain tumors—both primary and 
metastatic, in patients who have 
already received appropriate surgical 
and/or radiotherapeutic procedures; 

Hodgkin's disease—as a secondary 
therapy. 

Contraindications. CeeNU should not 
be given to individuals who have 
demonstrated a previous hyper- 
sensitivity to it. 

Warnings. Safe use in pregnancy has 
not been established. CeeNU is 
embryotoxic and teratogenic in rats 
and embryotoxic in rabbits at dose 
levels equivalent to the human dose. 
CeeNU also affects fertility in male 
rats at doses somewhat higher than 
the human dose. 

CeeNU is carcinogenic in rats and 
mice, producing a marked increase 
in tumor incidence in doses approxi- 
mating those employed clinically. 





BUSINESS REPLY CARD 


No postage stamp necessary if mailed in the United States 





Precautions. CeeNU (lomustine 
iCCNUJ should be administered by 
individuals experienced in the use of 
antineoplastic therapy. 

Since the major toxicity is delayed 

bone marrow suppression, blood 
counts should be monitored weekly 
for at least 6 weeks after a dose. 
‘See "Adverse Reactions" ) At the 
recommended dosage, courses of 
CeeNU should not be given more 
frequently than every 6 weeks. 

Caution should be usec in admin- 
istering CeeNU to patients with 
decreased circulating platelets, leu- 
kocytes, or erythrocytes. (See "Dosage 
and Administration") 

Liver function should be moni- 
tored periodically. (See " Adverse 
Reactions") 

Adverse Reactions. Nausea and vomit- 
ing may occur 3 to 6 hours after an 

oral dose and usually last less than 

24 hours. The frequency and duration 
may be reduced by the use of anti- 
emetics prior to dosing and by the 
administration of CeeNU 1o fasting 
patients. 

Thrombocytopenia occurs at about 
4 weeks after a dose of CeeNU and 
persists for 1 to 2 weeks. 

Leukopenia occurs at about 6 weeks 
after a dose of CeeNU and persists 
for 1 to 2 weeks. Approximately 65% 
of patients develop white blood 
counts below 5000 wbc/mm? and 
36% develop white blood counts 
below 3000 wbc/mm3. 

CeeNU may produce cumulative 
myelosuppression, manifested by 
more depressed indices or longer 
duration of suppression after repeated 
doses. 

Other toxicities: Stomctitis, alopecia, 
anemia, and hepatic toxicity, mani- 
fested by transient reversible elevation 
of liver function tests, have been 
reported infrequently. 

Neurological reactions such as 
disorientation, lethargy, ataxia, and 
dysarthria have been noted in some 
patients receiving CeeNU. However, 
the relationship to medication in these 





' patients is unclear. 


FIRST CLASS 
Permit No. 1521 
E. Syracuse l 
New York 13057 





Postage will be paid by 


BRISTOL LABORATORIES 

Division of Bristol-Myers Company 
P.O. Box 188 
E. Syracuse, New York 13057 


Dosage and Administration. The 
recommended dose of CeeNU 
(lomustine [CCNUJ) in adults and 
children is 130 mg/M? as a single 
dose by mouth every 6 weeks. 

In individuals with compromised 
bone marrow function, the dose should 
be reduced to 100 mg/M? every 
6 weeks. 

A repeat course of CeeNU should 
not be given until circulating blood 
elements have returned to acceptable 
levels (platelets above 100,000/mm3; 
leukocytes above 4,000/mm?). Blood 
counts should be monitored weekly 
and repeat courses should not be 
given before 6 weeks because the 
hematologic toxicity is delayed and 
cumulative. 

Doses subsequent to the initial dose 
should be adjusted according to the 
hematologic response of the patient 
to the preceding dose. The following 
schedule is suggested as a guide 
to dosage adjustment. 


Nadir After Prior Dose Percentage of Priar 
Leukocytes Platelets Dose to be Given 
>4000 >100,0 100% 


3000-3999 76 /000-99,999 
2000-2999 ^ 25,000-74,999 
«2000 < 25,000 

When CeeNU is used in combina- 
tion with myelosuppressive drugs, the 
doses should be adjusted accordingly. 
Supply. This dose pack. of CeeNU 
(lomustine [CCNU]) Capsules 
contains: : 
NDC 0015-3032-13—2—100 mg capsules 

(Green/Green). 

NDC 0015-3031-13—2—40 mg capsules 

(Purple/Green). i 
NDC 0015-3030-13—2—10 mg capsules 

(Purple/Purple). 

Directions to the Pharmacist: The cap- 
sules are to provide enough medication 
for a single dose. The total dose pre- 
scribed by the physician can be 
‘obtained (to within 10 mg) by deter- 
mining the appropriate combination 

of the enclosed capsule strengths. 

The appropriate number of capsules 
of each size should be placed ina 
single vial to which the patient infor- 
mation label (qummed label provided) 
explaining the differences in the ap- 
pearance of the capsules is affixed. 

Example: A patient dose qf 240 mg 
can be obtained by combining two 
100 mg capsules and one 40 mg cap- 
sule. The remaining capsules (if any) 
should be discarded. 

A patient information sticker, to be 
placed on dispensing container, is 
enclosed. 

For information on package sizes 
available, refer to the current price 
schedule. 
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Is Axillo-bilateral Femoral Graft an Effective Substitute 
for Aortic-bilateral Iliac/Femoral Graft?: 


An Analysis of Ten Years Experience 


WILLARD C. JOHNSON, M.D., F.A.C.S., FRANK W. LOGERFO, M.D., F.A.C.S., RUDOLPH W. VOLLMAN, M.D., F.A.C.S., 
JOHN D. CORSON, M.D., F.R. C.S. (ENGLAND), EDWARD Te! HARA, M.D., F.A.C.S., JOHN A. MANNICK, 


During the past ten years, 88 aorto-bilateral iliac/femoral 
grafts and 56 axillo-bilateral femoral grafts were electively 
performed for occlusive disease of the abdominal aorta or 
iliac vessels. The results of this retrospective study indicate 
that the axillo-bilateral femoral graft, although performed 
in an older population and more frequently for limb salvage, 
has a lower operative mortality than does conventional 
aortic bypass surgery with similar patency (76%) and survival 
(67%) at five years. However, axillo femoral grafting requires 
more frequent remedial surgery to obtairi long term patency. 


RTERIOSCLEROTIC DISEASE affecting the aorta, 
A iliac and femoral vessels has long been a known 
primary cause of insufficient blood flow to the lower 
extremities. Bypass of sclerotic areas by the surgical 
placement of a dacron graft from the aorta to the 
iliac or femoral arteries has had encouraging results. 
The operative mortality (3—595 in most series) has 
limited, however, the availability of this operation to 
patients who are relatively good operative risks. 

The unilateral axillo-femoral dacron bypass graft was 
introduced by Blaisdell and Hall? and Louw” in 1963 
as an alternative procedure to be utilized in the poor 
risk patient and as a secondary procedure in the pres- 
ence of an infected aortic prosthesis. In 1966 Sauvage”! 





Presented at the Papers Session of the American College of 
Surgeons Annual Meeting, October 12, 1976, Chicago, Illinois. 

Reprint requests; Willard C. Jolinson, M.D., Department of 
Surgery, Boston Veterans Administration Hospital, 150 South 
Huntington Avenue, Boston, Massachusetts 02130. tos 


Submitted for publication: November 23, 1976. 
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M.D., F.A.C.S., DONALD C. NABSETH, M.D., F.A.C.S. 


From the Departments of Surgery at the Boston Veterans 
_ Administration Hospital, Tufts University School of 
Medicine, and the University Hospital, Boston University 
School of Medicine, Boston, Massachusetts 


suggested that the addition of a cross-limb to form 
an axillo-bilateral femora] graft would result in a higher 
flow rate in the axillary limb and that this higher flow 
rate might improve long term patericy when compared 
with the axillo-unilateral femoral graft. Long term 
patency is the primary evaluative criterion by which 
the effectiveness of bypass procedures can be meas- 
ured. In 1970 we noted that a five year patency rate 
of only 54% resulted from our experience with 46 
axillo-femoral grafts.!6 The overwhelming majority (37 
of 46) of these patients, however, had had axillo-uni- 
lateral femoral grafts. At that time there were too 
few patients to statistically confirm our impression 
that the long term patency of axillo-bilateral femoral 


.grafts might be greater. 


A recent review of our entire experience with 130 
axillo-femoral grafts over a 10 year period revealed 
that the five year patency rate in the 66 patients who 
underwent axillo-bilateral femoral grafts was indeed 
considerably higher.'? Indications for axillo-femoral 
bypass surgery were varied and included acute aortic 
occlusion, thoracic aneurysm and complicátions fol- 
lowing aortic procedures as well as elective surgery 
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for occlusive disease. The purpose of this present 
review was to appraise our experience with the axillo- 
bilateral femoral bypass graft as an elective procedure 
in terms of comparison with aortic bypass graft 
surgery for occlusive disease performed during the 
same time period. 


Patient Selection and Evaluation of Results 


Between January 1, 1965 and December 31, 1975 
patients who were found to have disabling aorto-iliac 
occlusive disease were evaluated for arterial recon- 
structive surgery, using angiography combined with 
physical examination. Those patients whose disease 
process affected primarily only one limb underwent 
femorofemoral bypass; "while those patients who were 
determined to have bilateral occlusive disease had 
aortic or axillary bypass surgery performed. Many of 
the patients in the axillary group had been con- 
sidered to be poor candidates for aortic surgery be- 
cause of such increased risk factors às age, previous 
myocardial infarction, stroke and respiratory insuf- 
ficiency. 

-The medical records of these patients were reviewed. 
Excluded from the study were those patients for whom 
the operation was not the first elective bypass pro- 
cedure for their occlusive disease. There were 88 pa- 
tients in the aortic group and 56 patients in the 
axillary group. In the aortic group, the primary in- 
dication for surgery was claudication in 58 (6595) and 
limb salvage (rest pain and necrosis) in 30 (3596). By 
contrast, in the axillo-bilateral femoral group, the pri- 
mary indication for surgery was limb salvage in the 
majority of cases (7896), while in only 12 cases (22%) 
was the indication, claudication. The average age of pa- 
tients in the aortic series was 52 years compared to 
63 years for the axillo-bilateral femoral group. 

All patients were sequentially followed by the 
authors. Graft patency was demonstrated in the aortic 
group by the presence of a palpable femoral pulse, 
and in the axillary group by a palpable pulse in the 
axillo-femoral-femoral graft. If a patient had riot been 
seen within the previous 6 months at the time of re- 
view, he was considered ‘lost to follow-up". This 
status was applied to only one patient who was “lost” 
three years after operation. 

Düring the postoperative periód remedial surgery on 
the grafts was required for some patients in both 
groups. When remedial surgery was successful in main- 
taining flow, the original graft was scoréd as con- 
tinually 'patent, but revised. Problems encountered 
with the axillo-femoral graft included acute thrombosis 
as a result of compression of the graft during sleep 
and thromboses secondary to progression of arterio- 
sclerotic disease in the outflow system. Simple 
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thrombectomy usually sufficed for the acute incident 
although removal of part or all of the graft was oc- 
casionally necessary to care for the densely ad- 
herent thrombus or pseudointimal fracture. Where the 
major problem lay in the outflow system, a femoro- 
popliteal reconstruction was frequently performed, in 
addition to thrombectomy of the graft. 

Thrombosis, when it occurred in a single limb of the 
aortic bypass, was treated by thrombectomy or femoro- 
femoral bypass and, as with axillo-femioral graft pa- 
tients, feriioro-popliteal bypass procedures were per- 
formed when. indicated for advancement of. disease 
in the outflow system. When graft patency was 
maintained in the aortic group with surgical inter- 
vention, the graft was scored as continually patent 
and the original graft was considered to be revised. 

Conceptually, our goal was to compáre each pro- 
cedure ànd its remedial needs over a long period of 
time while maintaining patency of the graft. Statistical 
analysis of patiént survival, limb survival and graft 
patency rates were accomplished through use of life 
table analysis and Chi square analysis.! 


Operative Technique 


The axillary artery on the side of the poorest femoral 
run-off is preferred as the donor vessel; except when 
the patient habitually sleeps on the involved side. Use 
of this vessel will result in a high flow rate in the 
axillary and cross-femoral limbs of the graft. The 
lowest flow will be in the short segment of the axillo- 
femoral graft below the junction of the cross-limb. 

Under general anesthesia, with the donor arm on an 
arm board at a right angle to the trunk, the entire 
chest, abdomen and groin are prepped. The femoral 
vessels on both sides are exposed through a vertical 
groin incision and the groin incisions are connected by 
à subcutaneous suprapubic tunnel. A transverse infra- 
clavicular incision is madé and the pectoralis major 
muscle is split between the sternum and clavicular 
heads. The pectoralis minor tendon is retracted 
laterally tó expose the proximal axillary artery. A 
tunnel from the axilla to the groin is ‘created by 
passing a tunneller between the pectoralis minor and 
major to the groin. Jt is important that this tunnel 
cross the costal margin in the mix-axillary line (Fig. 


` D, to prevent post-operative kinking of the graft when 


the patient sits up. With rare exceptions, the tunnel 
can be created without the need for a counter-in- 
cision along the course of the graft. 

The current graft of choice is an 8 mm dacron, ex- 
ternal velour graft. Early in the series, however, 101 mm 
knitted dacron grafts were used. The graft is preclotted 
and the patient is given 3000 to 5000 units of heparin 
intravenously. The graft is sutured to the end of the 
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tunneller and is pulled through the tunnel from. the 
groin to the axilla. The axillary artery is clamped 
and the anastomosis is performed between the graft 
and the anterior aspect of the first portion of this 
vessel. The graft is clamped near the anastomiosis and 
the clamps are released from the axillary artery. The 
graft is placed under slight tension until the slack is 
removed, but not enough to cause any distortion of the 
axillary artery because we have found that kinking of 
the axillary artery due to too much tension is a cause 
of graft failure. The end of the axillary limb is sutured 
to the common femoral artery. 

The side-limb is then connected to the main graft 
at the upper end of the groin incision. The side- 
limb is clamped and the clamp on the axillo-femoral 
graft is released to establish flow in the main graft. 
The side-limb is brought through the suprapubic tunnel 
and the anastomosis is performed bétween the end of 
the side-limb and the opposite femoral artery. Pro- 
fundoplasty át the femoral anastomosis on one or both 
sides is often necessary to assuré adequate outflow. 

The customarily recommended technique of end-to- 
side aortic bypass was performed to the iliac or femoral 
artery. The tendency has been in later years to per- 
form the more distal anastomosis, and, if indicated, a 
femoral endarterectomy. Patients in both aortic and 
axillary groups received pre- and post-operative anti- 
biotics, usually Keflin (cephalothin sodium, Lilly), to 
reduce the incidence of wound and graft infections. 


Results 
Mortality and Morbidity 


One patient in the axillo-femoral bypass group and 
five patients in the aortic group died within 30 days of 
surgery, for a rate of 1.8% and 5.5%, respectively. 
There were two other ‘“‘early’’ deaths in the aortic 
group at 35 and 43 days (Tables 1 and 2). Although 
the mean blood replacement of 2,100 ml during aortic 
surgery was significantly greater than the 1,100 ml re- 
quired for axillo-femoral bypass procedures (p 
« 0.001), there were no complications associated with 
blood transfusion (e.g., hepatitis or severe reaction) 
in either group. An aorto-duodenal fistula at 414 years 
in one patient and a femoral pseudoaneurysm at 4 years 
in another were late graft-related complications of 
aortic surgery.. Late graft-related complications of 
axillo-femoral procedures consisted of brachial throm- 
bosis at two years and, in another patient at 24 years, 
occurrence of a pseudoaneurysm in the groin. 


Remedial Surgery for Acute Thrombosis 


From the aortic group, 9 patients required remedial 
surgery. Five successfiil thrombectomies were per- 
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Fic. 1. Diagram of the technique and location of anastomosis for 
an axillo-bilateral femoral graft. 


formed for acute thrombosis, four within the first three 
postoperative days and one at 20 days, postoper- 
atively. The femoro-femoral bypass procedure for 
single limb occlusion of the aortic bypass graft was 
utilized in two patients, one at 6 months and the 
other at 24% years after surgery (Table 1). Em- 
bolectomy was performed in one patient at 2/2 years 
and an engioplasty at the femoral anastomosis at 
5% years was performed in another patient. These 
patients were scored as continuously patent with 
remedial surgery, not as failures. 

In the axillo-femoral group 12 patients required re- 
medial surgery. Twenty-four surgical procedures 
were performed at various time periods ranging from 
the immediate postoperative period to 812 years. The 
causes for thrombosis were compression during 
sleep, (17) graft puncture during angiography, (3) and 
progressive disease in the outflow system. (4) Although 
simple thrombectomy was successful upon 12 oc- 
casions, 8 of the patients eventually required seg- 
mental resection or replacement of the graft. In 
four other patients, a distal femoro-popliteal bypass 
procedure was performed in conjunction with throm- 
bectomy. These 12 patients were also scored as con- 
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TABLE 1. Aorto-Iliac/Femoral Bypass 
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Number 
; Amputations 
No. Patients No. Graft ————— 
Interval at Risk ` Failure BK AK 
0-30 days 88 2 (2.3%) — 2 
31-1 year 81 2 (2.5%) 1 — 
1-2 years 75 2 (2.8%) — — 
2-3 years 64 4 (5.8%) — — 
3—4 years 49 4 (9.0%) =s 2 
4-5 years 36 1 (3.0%) I 3 
5-6 years 30 = — — 
6—7 years 21 — — — 
7-28 years 14 — — 
8-9 years 10 — — — 
9—10 yéars 4 — — — 


* Insufficient numbers for statistical analysis. 
PH e 


tinuously patent with remedia] surgery and not as 
failures. 


Graft Failure 

Fifteen of 88 aortic bypass grafts failed. The out- 
come of these 15 patients with aortic bypass graft 
failure is as follows: ‘Sipatients were successfully 
treated with new graft procedures (four with axillo- 
bilateral fernoral bypass grafts and four with aortic by- 
pass grafts). ' Five patients have lived with their 
ischemic disease, one patient having failed an at- 
temptéd thrombectomy at 1% years post-operatively. 
Two patients havé required amputation. 

Eleven of 56 axillo-bilateral femoral bypass grafts 
failed. The outcome of these 11 patients is as fol- 
lows: four patients were successfully treated with new 
graft procedures (two ilio-femoral bypass grafts, one 
combined aorto-femoral and femoro-popliteal bypass 
graft, ànd one femoro-popliteal bypass graft). Two pa- 
tients have lived with ischemic limbs.: Five patients 
required amputation. 


Number 
f Successful Cum. % Cum. % Cum. % 
Number Revisions or Graft Patient Limb 
Deaths Thrombectomy Patency Survival Survival 
5 5 97.7 94.3 93.8 
3 1 95.0 90.9 93.8 
4 — 92.5 84.9 93.1 
3 I 87.2 81.0 93.1 
2 I 79.0 74.9 9§.2 
2 — 76.9 66.7 91.8 
2 1 76.9 62.7 91.8 
3 — 76.9 51.8 91.8 
i * " * * 
1 mem * * * 
— PEIRA * * * 


Patency Rates 


Although the predicted graft patency rate at two 
years was significantly higher in the aortic group than 
in the axillary group (92.5 vs 76.4%, respectively: 
p < 0.02), the fifth year patency rate was 76% i in both 
groups (Tables 1 and 2) (Fig. 2). Occlusion or patency 
of the superficial femoral artery at the time of surgery 
appeared to have a direct relationship on graft patency 
in both groups. When the superficial femoral artery 
was open at the time of surgery, 82.5% of the as- 
sociated limbs of the aortic grafts remained patént at 
five years. Only 57.896 were patent at five years 
when the associated superficial femoral artery was oc- 
cluded at time of surgery (p « 0.01). Of the axillo- 
bilateral femoral bypass grafts, 91.576 were patent 
after five years when the superficial femoral artery was 
open at the time of surgery, while only 66.8% were 
patent when the artery had been occluded. This 
difference bordered upon ` statistical significance 
(p= 0.10. ; 


TABLE 2. Axillo-Bilateral Femoral Bypass 


Number 
Amputations 
No. Patients No. Graft ————- 
Interval at Risk Failure BK AK 
0-30 days 56 3 (5.4%) = I 
31-1 year ` 52 6 (12.9%) — 7 
1-2 years ` 35 . 2 (1. 2%) — 3 
. 2-3 years ` 18 — — 
3-4 years 13 — — — 
4-5 years 6 = — 2 
5-6 years 4 — ~ — 
6-7 years 2 — = 
7-8 years 2 — mi. 
8—9 years 1 — 
9—10 years — — — 


* Insufficient numbers for statistical analysis. 


Number 
Successful Cum. % Cum. 96 Cum. % 
Number Revisions or Graft Patient Limb 
Deaths Thrombectomy Patency Survival Survival 
1 2 94.6 98.2 99.1 
3 10 82.4 92.3 92.1 
2 3 76.4 86.8 87.9 
— 3 76.44 . 78.8 || 87.9 
2 2 76.4 67.2 87.9 
— 2 76.4 67.2 77.6 
1 1 * * * 
poe PER * * * 
al (2 * * * 
— 1 * * * 
Kilang asa, * * * 
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Patient and Limb Survival 


Although the mean patient age in the axillo-femoral 
bypass group was 11 years higher than that of the 
aortic bypass group, the percentage of patients alive 
after five years was remarkably similar (67%). 

Limb survival was defined as the ability to walk with- 
out a prosthesis. Minor amputations of digits or trans- 
metatarsal amputation did not constitute loss of a limb. 
Limb amputation resulted for five of the 30 patients 
in the aortic group for whom limb salvage was the 
primary indication for surgery. Amputation was re- 
quired for 10 of the 44 patients in the axillo- 
bilateral femoral group where limb salvage had been 
the primary indication for surgery. It was found that 
when surgery was performed primarily for limb sal- 
vage there was no difference between the two groups 
in five year limb survival rate. Since the per- 
centage of patients requiring surgery for limb salvage 
was 66% in the axillo-femoral group and 35% in the 
aortic group, however, the overall five vear limb sur- 
vival rate was, of course, higher in the aortic group. 

In the aortic group 9 of 176 limbs at risk were lost 
to amputation (five year limb survival rate, 91.896 
(Table D). Seven of the amputations were above the 
knee and two were below the knee. In two of the 9 
patients the grafts were patent at the time cf amputa- 
tion. In the axillo-femoral group thirteen of 112 limbs 
at risk were lost to amputation (five year limb survival 
rate, 77.8% (Table 2)). All amputations were above the 
knee. In five of the 13 patients the grafts were patent 
at the time of amputation. 
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Fia. 2. Graft patency in axillary and aortic bypass surgery as deter- 
mined by life table analysis. 
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TABLE 3. Summary of Reports of Dacron Bypass Procedures 








Operative Graft 
Mortality Patency 
Author Cases Rate (26) Rate (76) 
A. Aorto-Iliac/Femoral 
1. DeBakey (1963) 1423 patients 3.0 94 (late) 
2. Szilagyi (1964) 179 patients 8.2 82.2 (early) 
78.3 (5 years) 
3. Kouchoukos 
(1968)! 57 patients 17.5 62 (5 years) 
4. Duncan (1971? 90 iliac limbs 6.6 96 (5 years) 
87 femoral limbs 2.3 68 (5 years) 
5. Vanttinen (19755 164 limbs 5.3 91 (5 years) 
6. Støren (1975? 43 patients 23 76 (3 years) 
7. Malone (197535 360 limbs 2.5 80 (3 years) 
8. Papadopoulos l 
(19767 118 patients 10.0 78 (5 years) 
B. Axillo-Femoral 
1. Moore (1971}7 24 unilateral 9.0 30 (3 years) 
22 bilateral ? 30 (3 years) 
2. Cormier (1971)5 29 unilateral 10.0 75 («1 year) 
3. Kruger (19709 15 unilateral 0 67 («1 year) 
4. Bliss (:972)* 7 unilateral 0 87 (1-2 years) 
5. Pollock (1972)? 17 unilateral 12.0 20 (2 years) 
6. Janich (1974)! 45 unilateral 7.0 57 (5 years) 
7. LoGerfo (1976)? 64 unilateral 8.0 37 (5 years) 
66 bilateral É 74 (5 years) 
Discussion 


The generally accepted indications for placement of 
an axillo-bilateral femoral bypass graft are either as a 
secondary procedure in the face of intra-abdominal 
graft sepsis? or as a primary procedure in patients 
for whom the operative risk of aortic bypass surgery 
is prohibitive. Our findings suggest that use of the 
axillo-bilateral femoral bypass may have broader appli- 
cations, especially when that operation is compared to 
aortic bypass surgery with regard to operative mor- 
tality, patient survival, limb survival and graft patency 
rates at five years. 

A review of the literature concerning patency rates 
in patients undergoing aorto-iliac/femoral reconstruc- 
tion and in those undergoing axillo-femoral proce- 
dures is presented in Table 3. The average aortic 
five year patency rate was 80% with a range of 
62-96%. Our five year graft patency rate of 76% for 
aorto-iliac/femoral bypass is comparable to those other 
reports. Similarly, for axillo-unilateral femoral bypass 
grafts, our five year graft patency rate is 37%, once 
again much the same as other reports. There are, 
however, no other published five year patency rates 
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with which to compare our experience with the axillo- 
bilateral femoral bypass graft. Moore and Hall have 
reported a three year graft patency rate of 30% using 
this procedure, whereas our five year predicted patency 
rate is 76%. This discrepancy in reported incidence 
of failure of this graft we feel can be attributed to 
our willingness to operate immediately on thrombosed 
grafts and in our manner of scoring these grafts as 
continuously patent with successful thrombectomy. 

Compression of the graft during sleep is a major 
cause of acute thrombosis after axillary procedures. 
Patients are instructed in the use of an arm gauntlet 
with which to tie the opposing arm to the bedside and, 
thus, prevent rolling onto the graft. Also, when 
emergency surgery for acute thrombosis was success- 
ful, the graft was scored as continuously patent 
and not as a failure. This method of scoring appears 
reasonable to us because tissue perfusion is sustained 
by what is essentially the original operative proce- 
dure. It is also the impression that we have achieved 
a five year graft patency rate of 76% for the axillo- 
bilateral femoral bypass procedure, in contrast to the 
five year graft patency rate of 37% for the axillo- 
unilateral femoral bypass procedure, primarily through 
recognition of the hemodynamic differences of the two 
grafts. It has been observed that, with the axillo- 
bilateral femoral bypass procedure, a higher flow rate 
is maintained through the long trunk of the graft. 
Blood flow through the main trunk of an axillo-bilateral 
femoral graft is approximately 600 ml/min and 300 
ml/min through the cross-pelvic portion.’ Since blood 
fiow through the limbs of the axillo-bilateral femoral 
graft is the same as blood flow through the limbs of 
the aortic prosthesis in terms of distal resistance, 
it is not surprising that five year graft patency rates 
of the two procedures are similar. 

We have found, therefore, that the axillo-bilateral 
femoral bypass procedure appears to afford at least as 
good an outcome as aortic bypass surgery with regard 
to patient survival, limb survival and long term graft 
patency. The benefits to the patient from this less 
invasive procedure during the perioperative period are 
obvious. Of concern to some investigators is the vul- 
nerability of the long limb of the graft to com- 
pression and subsequent acute thrombosis. Modifica- 
tion of the prosthesis to make it less compressible 
may be helpful and studies are underway to this effect. 
Also, evidence has been presented to suggest that after 
two years the tendency for the graft to thrombose in 
response to compression may be considerably lessened 
because of endothelialization of the lining of the 
prosthesis.?? 
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In conclusion, the axillo-bilateral femoral bypass 
graft is clearly superior to the axillo-unilateral by- 
pass graft. Its use should be encouraged as an alterna- 
tive to the aorto-iliac/femoral bypass graft in the 
treatment of arteriosclerotic occlusive disease. 
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The Effect of Serotonin on Pepsin Inhibition 


by Duodenal Fat 


MOHAMED F. WAZNA, M.D., THEODORE STEIN, M.S., LESLIE WISE, M.D. 


The purpose of these studies was to evaluate the possible role 
of serotonin on pepsin secretion. The results of our data 
suggest that serotonin is a stimulator of pepsin secretion since 
(a) pretreatment with reserpine (which depletes serotonin stores) 
abolished the stimulatory effect of histamine on pepsin secre- 
tion; (b) pretreatment with UML-491 (a serotonin blocking 
agent at the effector level) augmented the pepsin inhibition in- 
duced by the intraduodenal infusion of fat, and (c) 5- 
hydroxytryptophan (a serotonin precursor) caused a sig- 
nificant stimulation of pepsin secretion. The mode of action 
of serotonin is probably by a direct hormonal action on the 
gastric chief cells. 


AKAJIMA AND MAGEE? have recently demonstrated 
that pepsin outputs from Heidenhain pouches in 
response to pentapeptide, histamine and methacholine 
were increased over the duodenal pH range, 5.0 to 3.0. 
Conversely, at a duodenal pH of 1.0, the outputs were 
reduced to or below control levels. It has been pre- 
viously demonstrated that secretin is a stimulant! and 
that cholecystokinin- pancreozymin (CCK-PZ) is an 
inhibitor^? of gastric pepsin secretion. Therefore, 
Nakajima and Magee? suggested that duodenal acidi- 
fication releases secretin over the pH range, 5.0—3.0, 
and cholecystokinin-pancreozymin at a lower pH. 
We have previously suggested that the gastric acid 
inhibition following duodenal acidification is at least 
partly affected through a mechanism mediated by sero- 
tonin. The purpose of this study was to investigate 
the possible role of serotonin on pepsin secretion, 
which, to our knowledge, has never been studied previ- 
ously. 


Materials and Methods 


Twelve female mongrel dogs weighing from 20 to 25 
kg were provided with Heidenhain pouches, gastric 
cannulae and duodenal cannulae (Fig. 1). Anaesthesia 
was administered by intravenous sodium thiopental 
(pentothal) (30 mg/kg). The duodenal cannulae were 
placed 10 cm distal to the pylorus. The gastric can- 
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nulae were placed in the body of the stomach. The 
purpose of the gastric cannulae was to divert the acid 
secreted by the stomach from the region of the duo- 
denum and so to prevent inhibition of gastric acid secre- 
tion during these studies. 

Intravenous saline (0.9% NaCl) infusion was given 
for the 48 hours following operation and fluid by mouth 
for an additional 48 hours before regular dog food was 
permitted. Benzathine penicillinG (Bicillin LA, 
Wyeth) was injected intramuscularly, 1,200,000 units 
daily for 8 days. No studies were performed for the 
first 14 days following the operations, since the amount 
and type of gastric secretion fluctuate considerably in 
the early postoperative period. 

Before each experiment, the dogs were fasted over- 
night (approximately 18 hours). Then each dog was 
secured in a Pavlov frame and the gastric cannula was 
opened and allowed to drain freely throughout the 
study. The duodenal cannula was then opened and a 
No. 8 Foley catheter was introduced until its tip pro- 
truded slightly into the lumen of the duodenum. The 
balloon was then inflated in the lumen of fhe cannula 
to retain the catheter and prevent the leaking of bile 
or duodenal content along the side of the catheter. An 
intravenous catheter was introduced into each foreleg 
vein and normal saline (0.9%) was infused by a peristal- 
tic pump (Holter) at a rate of 60 ml/hr through each 
foreleg vein (a total of 120 ml/hr). Histamine phosphate 
was added to one of the saline infusions so that it was 
administered at a rate of 0.04 mg/kg/hr, and in the 
appropriate experiments a serotonin antagonist or 
precursor was administered through the other can- 
nulated vein. Collections were made from the 
Heidenhain pouches every 15 minutes. Pepsin values 
were determined according to the method of Anson! 
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BODY OF 


DUODENUM 


Fic. 1. Model. 


and were expressed as pepsin output (PUB* x 103/15 
min.). 

In the first study of 8 experiments on 8 dogs, hista- 
mine phosphate (0.04 mg/kg/hr) was administered alone 
as a control, as a continuous intravenous infusion (Fig. 
2). In the second study of 12 experiments on 12 dogs, 
fat (corn oil emulsion) was infused into the duodenum 
to study its effect on histamine-stimulated pepsin secre- 
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tion. The corn oil emulsion was introduced into the 


` duodenum 1% hours after commencing the histamine 


infusion (Sample No. 6) and it was infused for a period 
of 30 minutes at a rate of 2 ml/min in the first 10 minutes 
and one ml/min in the remaining 20 minutes so that 
no retching, vomiting or regurgitation of fat through the 
gastric cannula occurred (Fig. 2). In the third study of 6 
experiments on 6 dogs, reserpine (0.1 mg/kg) was in- 
jected intramuscularly 24 hours before the intraduo- 
denal administration of corn oil emulsion (Fig. 3). 
Bendit and Wong? have shown that reserpine depletes 
the argentaffin cells of serotonin. In the fourth study of 
6 experiments on 6 dogs, 24 hours after the administra- 
tion of reserpine (0.1 mg/kg intramuscularly), 5-hydroxy- 
tryptophan (serotonin precursor) was injected intra- 
venously (20 mg/kg), simultaneously with the intraduo- 
denal administration of corn oil emulsion (Fig. 4). In 
the last study of 6 experiments on 6 dogs, 1-methyl- 
d-lysergic acid butanolamide (UML 491), a serotonin 
antagonist, was infused intravenously (2 mg/hr), 30 
minutes before the intraduodenal administration of 
corn oil emulsion (Fig. 5). 


Results 


Effect of Histamine on Pepsin Secretion (Fig. 2) 


The average pepsin output results of 8 experi- 
ments on 8 dogs following the administration of hista- 
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mine are illustrated on Figure 2. Histamine infusion 
produced a biphasic stimulation of pepsin output. The 
initial peak reached 230 + 2 PU™ x 109/15 minutes, 
which decreased to 118 +22 PU®> x 103/15 minutes 
(p < 0.05). This was followed by a secondary rise to 
155 + 47 PU?" x 107/15 minutes (p < 0.05). 


Effect of Duodenal Fat Infusion on Histamine- 
stimulated Pepsin Secretion (Fig. 2) 


The introduction of fat into the duodenum abolished 
the secondary increase in pepsin output. 


Effect of Serotonin Depletion (Using Reserpine) on 
Histamine-stimulated Pepsin Secretion (Fig. 3) 


The deprivation of serotonin by depletion abolished 
the initial increase induced by histamine in pepsin out- 
put (p < 0.001). Also, the inhibition of pepsin output 
produced by duodenal fat was less pronounced follow- 
ing serotonin depletion. 


Effect of Serotonin Replacement (by 5-HTP, a 
Serotonin Precursor) following Serotonin Depletion 
(by Reserpine) on the Inhibition of Histamine-stimu- 
lated Pepsin Secretion by Duodenal Fat (Fig. 4) 


In this study, serotonin depletion again abolished the 
initial increase in pepsin output. Serotonin replacement 
(by administering 5-HTP), however, increased pepsin 
output (p « 0.02) in spite of simultaneous fat adminis- 
tration. 


HISTAMINE * FAT 


WAZNA, STEIN AND WISE 


Ann. Surg. e August 1977 


Effect of Serotonin Antagonist (UML-491) on the In- 
hibition of Histamine-stimulated Pepsin Secretion by 
Duodenal Fat (Fig. 5) 


In this study, UML-491 significantly (p « 0.05) 
augmented the fat-induced inhibition of pepsin output. 


Discussion 


Gastric juice contains several proteolytic and non- 
proteolytic enzymes. The most important is pepsin. 
this enzyme is formed by the zymogen (chief, 
peptic) cells of the gastric glands in the form of its 
precursor, pepsinogen. Pepsinogen is converted to its 
active form, pepsin, by hydrochloric acid, the con- 
version being autocatalyzed by both pepsinogen and 
pepsin. The function of pepsin in the stomach is to 
hydrolyze proteins to proteoses and peptones in prep- 
aration for a more complete degradation in the intes- 
tine. Pepsinogen, a protein with a molecular weight of : 
about 42,000, has been isolated in crystalline form. 
Recent studies have shown that there are multiple 
pepsinogens and pepsins; the 7 pepsinogens identified 
in the human gastric mucosa have been designated pep- 
sinogens one to 7 in order of decreasing electrophoretic 
mobility. The 7 pepsinogens are separable into two im- 
munochemically distinct groups, group I (PG I) con- 
sisting of pepsinogens one to 5, and group II (PG ID 
consisting of pepsinogens 6 and 7. Both PG I and PG II 
are present in the chief cells of the body of the stomach; 
PG II is also found in the antral glands.“ Circum- 
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Fic. 4. Effect of serotonin 
replacement (by 5-HTP; a 
serotonin precursor) fol- 
lowing serotonin depletion 
(by reserpine) on the in- 
hibition of histamine-stimu- 
lated pepsin output by duo- 
denal fat. 
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stantial evidence suggests that the gastricsin of Tang 
and the pepsin I of Seijffers are group II pepsins.!* 
The secretion and synthesis of pepsinogens is 
mediated by cholinergic stimuli. Pepsinogen secretion 
may be increased by electric stimulation of the vagal 
trunks, by insulin-induced hypoglycemia, by the 
cephalic phase of gastric secretion, or by cholinesterase 
inhibitors. Such stimuli are thought to increase the rate 
of pepsinogen synthesis and produce a release of 
pepsinogen granules from the zymogen cells. Hista- 
mine, histalog, caffeine, gastrin and calcium stimu- 
late both pepsinogen and acid secretion.? Secretin is 
unique, since it inhibits acid secretion but stimulates 
pepsinogen secretion; conversely, cholecystokinin- 
pancreozymin (CCK-PZ) stimulates acid secretion and 
inhibits pepsin secretion. Prostaglandin and magnesium 
inhibit pepsinogen secretion. Hypoadrenalism is thought 
to be responsible for a hyposecretion of pepsinogen. 
Clinically, pepsin secretion generally parallels gastric 
acid secretion, except in patients with the Z-E (Zol- 
linger-Ellison) syndrome; these patients tend to have a 
lower pepsin-acid ratio than duodenal ulcer patients. 
It has been suggested that the introduction of fat into 
the duodenum inhibits pepsin secretion by releasing an 
intestinal hormone, **enterogastrone.''? The parenteral 
administration of the intestinal hormone, cholecysto- 
kinin*? or the gastric inhibitory polypeptide’ inhibit 
pepsin secretion, and as their inhibitory effect is com- 
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parable to the inhibition of pepsin secretion produced 
by duodenal fat,? they were suggested as being the 
enterogastrone released by duodenal fat. On the other 
hand, the parenteral injection of the intestinal hormone, 
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Fic. 5. Effect of serotonin antagonist (UML) on the inhibition of 
histamine-stimulated pepsin output by duodenal fat. 
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secretin, increased pepsin secretion.!!? Nakajima® 
demonstrated that pepsin secretion from Heidenhain 
pouches varied with changes in pH of the duodenal 
content so that pepsin secretion increased when the 
pH was above 3.0 and decreased when the pH was about 
1.0, and he suggested that the reduction in pepsin secre- 
tion was produced by cholecystokinin released by in- 
creasing duodenal acidity and that the increase in pepsin 
secretion was brought about by secretin when duodenal 
pH was elevated above 3.0. 

In the present experiments we have found that hista- 
mine caused an initial increase of pepsin output which 
was followed by a secondary, sustained stimulation 
(Fig. 2). The intraduodenal administration of fat 
abolished the secondary, sustained increase; i.e., fat 
was a pepsin inhibitor. We have previously suggested 
that serotonin may play a role in the inhibition of gastric 
acid secretion following acidification of the duo- 
denum.!* The purpose of these studies was to evaluate 
the possible role of serotonin in pepsin inhibition. Sero- 
tonin (5 hydroxytryptamine) is preset in relatively high 
concentrations in the mucosa of the stomach and proxi- 
mal small intestine.? It is synthesized and stored in 
the form of granules in the enterochromaffin cells! 
found at the base of the gastric and intestinal 
glands. Serotonin granules have been demonstrated in 
the enterochromaffin cells histochemically"! and by 
radioautography.* Reserpine, in a dose as small as 0.1 
mg/kg of body weight, will deplete serotonin granules 
from the enterochromaffin cells so that they lose their 
characteristic staining and cease to be demonstrable by 
radioautography or histochemical staining 16 hours fol- 
lowing reserpine administration.?*9 Serotonin, how- 
ever, is fully replaced in three days.* 

In the present studies, serotonin depletion by 
reserpine completely abolished the initial increase in 
pepsin output produced by histamine stimulation. In 
addition, the plateau of pepsin output was also signifi- 
cantly lower following the depletion of serotonin. 
These results suggest that serotonin acts as a stimu- 
lant of pepsin secretion. The data were obtained 
from Heidenhain pouches, which implies that sero- 
tonin acts via a hormonal rather than a direct 
neural mechanism. 

Five-hydroxytryptophan (5-HTP) is a serotonin 
(5-HT) precursor which is selectively taken up by the 
enterochromaffin cells and promptly converted into 
serotonin.!$ The parenteral injection of 5-HTP inhibits 
gastric acid secretion.!? White" found that the injection 
of serotonin (5-hydroxytryptamine; 5-HT) or the sero- 
tonin precursor, 5-hydroxytryptophan (5-HTP), in- 
creased histamine-stimulated pepsin secretion in 
Pavlov pouches. In the present studies in dogs with 
denervated (Heidenhain) pouches, we found that 
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5-HTP caused a significant stimulation of pepsin secre- 
tion in dogs pretreated with reserpine; this stimulation 
occurred in spite of the simultaneous intraduodenal 
infusion of fat, which is a pepsin inhibitor. This 
experiment provides further evidence that serotonin is 
a pepsin-stimulant. 

UML-491 (1-methyl-d-lysergic acid) is a serotonin 
blocking agent at the effector level. It stimulated 
gastric acid secretion in the human’? and produced 
hematemesis and abdominal pain? when it was used for 
the treatment of headache. In a previous study, we 
have found that pretreatment with UML-491 abolished 
the inhibition of gastric acid secretion induced by duo- 
denal acidification.!5 In the present study, UML-491 
infusion augmented the pepsin inhibition induced by 
duodenal fat. Our studies, therefore, provide three 
reasons which suggest that serotonin is a stimulator of 
pepsin secretion: (a) Pretreatment with reserpine (a 
serotonin store depletor) abolished the stimulatory 
effect of histamine on pepsin secretion; (b) 5-hydroxy- 
tryptophan (a serotonin precursor) caused a significant 
stimulation of pepsin secretion; and (c) Pretreatment 
with UML-491 (a peripheral serotonin blocking agent) 
augmented the pepsin inhibition induced by the intra- 
duodenal infusion of fat. 

Since our studies were performed in dogs with de- 
nervated (Heidenhain) pouches, it is likely that sero- 
tonin, following its release into the blood from the 
proximal small bowel, acts directly as a hormone on 
the gastric chief cells. Alternatively, it may act in- 
directly by stimulating vagal action either at the central 
or peripheral levels. This latter hypothesis, however, 
is not likely since serotonin is probably one of the 
mediators of gastric acid inhibition and vagal stimula- 
tion would cause it to be an acid stimulant. 
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Multiple Mycotic Aneurysms Due to Candida Endocarditis 


GEORGE J. COLLINS, JR., M.D., LTC.. M.C., U.S.A., NORMAN M. RICH M.D., COL., M.C., U.S.A., 
ROBERT W. HOBSON, ll, M.D., CHARLES A. ANDERSEN, M.D., MAJ., M.C., U.S.A., 


DAVID GREEN, M.D., COL., M. C., U.S.A. 


Candida endocarditis is à serious condition which should be 
suspected in any patient with signs and symptoms compatible 
with bacterial endocarditis when cultures are negative. It 
should be managed by a medical-surgical approach which 
combines resection of all infected heart tissue and repair of 
any preexisting heart defects with appropriate antifungal 
therapy. Mycotic aneurysms should be treated by ligation of 
the vessel above and below the aneurysm, resection of the 
aneurysm, and implementation of appropriate antifungal or 
antibacterial therapy. Revascularization is not always neces- 
sary. When required, an extra- anatomic approach is prefer- 
able to placing a graft through the béd of the aneurysm. 


po and Decker? reported an incidence 
of twelve mycotic aneurysms in 22,792 autopsies. 
Multiple mycotic aneurysms in the same patient are 
exceptionally rare with only the case reported by 
Flye and Wolkoff for documentation.’ Almost uni- 
formly, the eventual outcome in the untreated case of 
mycotic aneurysm is rupture and death. Mundth 
and co-workers? reported no survivors in 7 patients 
with ruptured mycotic abdominal aortic aneurysms. 
The management of mycotic aneurysms is difficult and 
the results are poor. Bob and Glassman,” in review- 
ing the subject, found reports of only 11 patients 
with mycotic abdominal aortic aneurysms who had 
been treated successfully. We have successfully 
managed a case of mycotic aneurysms of the right 
brachial artery and the distal abdominal aorta. This 
report summarizes several important aspects of manag- 
ing patients with mycotic aneurysms. 


Case Report 


A 20 year old Caucasian man developed chills, fever, and 
hallucinations on December 25, 1974. Two days later he was àd- 
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mitted to the hospital with an oral temperature of 38.3°, 
vomiting, and severe headache. Neck stiffness developed and viral 
meningoencephalitis was diagnosed on the basis of a lumbar punc- 
ture demonstrating 21 while blood cells per high power field and a 
negative cerebrospinal fluid culture. 

On January 5, 1975, he developed right facial weakness, slurred 
speech, and right hemiparesis. Brain scan was normal. On January 
10, 1975, a precordial murmur was heard for the first time. Despite 
multiple negative blood cultures, the patient was begun on penicillin 
and streptomycin for suspected bacterial endocarditis. He re- 
mained febrile and the cardiac murmur increased in intensity. 
In early February, he was still febrile and a weak left femoral 
pulse was noted. An abdominal aortogram demonstrated a large 
filling defect with near total occlusion of the aortic bifurcation 
and an aneurysm of the distal abdominal aorta (Fig. 1). 

On February 23, 1975, he was transferred to Walter Reed Army 
Medical Center. Although he was not in acute distress, he had slurred 
speech, severe receptive and expressive aphasia, and mild right 
hemiparesis. A grade III/VI holosystolic precordial murmur with 
radiation into the left axilla was present. White blood cell count 
was 26,000. A normal pressure was noted on lumbar puncture and 
the cerebrospinal fluid examination was normal. Echocardiogram 
was normal. Multiple blood cultures were again negative. Explora- 
tion and thromboendarterectomy of the distal abdominal aorta was 
recommended for treatment as well as diagnosis. 

While awaiting this operation, however, the patient developed dis- 
comfort and numbness with loss of pulses in the right upper ex- 
tremity. An arteriotomy and embolectomy were performed. The 
brachial and axillary vessels were grossly normal and cultures of 
the thrombus were negative. Four days later, the patient developed 
severe pain and swelling in the upper arm. A suture line äis- 
ruption was suspected. However, at exploration a ruptured, 2.0 
cm aneurysm of the brachial artery proximal to the previously 
placed suture line was found. The brachial artery was. ligated 
above and below the aneurysm and the aneurysm was resected. 
Collateral circulation around the elbow was sufficient to maintain 
viability of the forearm and hand. Routine cultures were negative 
but fungal organisms compatible with Candida were seen upon 
microscopic examination of the resected specimen. 
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Fic. 1. Aneurysm of terminal aorta and partial occlusion of the 
left common iliac artery. 


From the above findings, it was concluded that the patient 
had Candida endocarditis as the source of his peripheral emboli. 
On March 22, 1975, exploration of the mitral, aortic, and tricuspid 
valves was performed using cardiopulmonary bypass. Multiple vege- 
‘ations were found on both the anterior and posterior leaflets 
of the mitral valve. The vegetations were removed in conjunc- 
tion with a mitral valvuloplasty and annuloplasty. The left ven- 
tricle was irrigated with Amphotericin-B* and all suture material was 
also soaked in Amphotericin-B.* The aortic and tricuspid valves 
were normal. The patient recuperated well from his open heart 
surgery. Amphotericin-B,* which had been started after his arterial 
embolectomy, was continued. Three weeks later he developed a 
‘ender, pulsatile mass in the right groin at the site of cannulation 
‘or arterial pressure monitoring. At exploration, a false aneurysm of 
he right superficial femoral artery was found and repaired by 
ateral suture uSing 6-0, monofilament, synthetic suture. 

After receiving a total dose of 2.0 gm of Amphotericin-B,* 
xploration of the abdominal aorta was performed and a 1.5 cm 
ineurysm of the terminal aorta was present. The aorta from a 
»oint just distal to the inferior mesenteric artery to a point proximal 
o the iliac arterial bifurcation was resected (Fig. 2). The proximal 
(rta and iliac arteries were closed with staples and were also 
»versewn with 6-0, monofilament, synthetic suture. 

Postoperatively, the patient did well with adequate collateral 
low to the lower extremities demonstrated by bilateral Doppler 
inkle pressures of 70 mm Hg. Therefore, no attempt at lower 
>xtremity revascularization was made. Amphotericin-B* was discon- 
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tinued after a total dose of 2.06 gm due to elevation of liver 
enzymes. 

At the present time, after 15 months follow-up, he has no symp- 
toms of claudication and no evidence of active disease. 


Discussion 


This case is illustrative of several interesting points. 
Despite his being a drug user, he staunchly denied 
injection of any drugs. Nonetheless, the injection of 
contaminated material must be suspected as a likely 
cause of his sepsis. Mycotic aneurysms from intra- 
arterial injections in drug addicts are becoming more 
common. Fromm and Lucas reported five cases of 
femoral arterial mycotic aneurysms in drug addicts. 
Mycotic aneurysms have also been reported in asso- 
ciation with needle puncture attendant with cardiac 
catheterization by Eshaghy and co-workers.‘ 

Candida endocarditis has been well documented 
by Harris and co-workers? and one must speculate 
that the patient's initial process was Candida endo- 
carditis seeded from intravenous injection of the 
organism and that the mycotic aneurysms were due to 
embolization from the infected mitral valve. Mycotic 
aneurysms due to Candida are not common a!though 
a case has recently been recorded by Anderson and 
co-workers.' As previously mentioned, multiple my- 
cotic aneurysms are even more unusual. 

Mycotic aneurysms should be treated by ligation of 
the artery above and below the aneurysm and resec- 
tion of the intervening aneurysm. Although there have 
been a few successes with immediate revascularization 
as reported by Sower and Whelan,’ revascularization 
carries a grave risk because of the possibility of 
suture line disruption. One must bear in mind that, in 
some cases, collateral flow will be sufficient to main- 





Fic. 2. Resected terminal aorta and bifurcation showing mycotic 
aneurysm. 
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Fic. 3. Plethysmographic and Doppler tracings after ligation of right 
brachial artery showing good collateral flow. Note superiority of 
Doppler tracings. 


tain viability and useful function. As documented by 
Levin and co-workers, this was demonstrated many 
times in our management of Vietnam casualties." 
Doppler pressures greater than 55% of arm pressure 
have been shown to be compatible with limb survival 
in most cases by Lennihan and Mackereth.'" The 
adequacy of upper and lower extremity flow in this 
case is illustrated in Figures 3 and 4. Adequate 
collateral flow after vessel ligation does not always 
require the presence of a preexisting stenotic lesion 
as suggested by Shaw and Baue." This is illustrated 
by the follow-up ankle pressures of 82 and 90 mm Hg 
obtained in our patient after ligation of the distal 
abdominal aorta. Should collateral flow be inadequate, 
an extra-anatomic approach to revascularization 
would be preferable to revascularization through the 
bed of the aneurysm. This has been employed suc- 
cessfully in cases with mycotic aneurysms by Fromm 
and Lucas and by Cooke and Ehrenfeld.? 

Operative intervention for Candida endocarditis 
should be considered early. Employing surgery as well 
as drug therapy, Kay? has had three of four pa- 
tients survive. Harris and co-workers* and Gazzaniga’ 
have also had suqcess with the combined surgical- 
medical approach. In performing open heart surgery 
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FiG. 4. Plethysmographic and Doppler tracings after ligation of 
terminal aorta showing good collateral flow. Note superiority of 
Doppler tracings. 


for Candida endocarditis, one should remove all tissue 
bearing vegetations and simultaneously repair any pre- 
existing heart defects. As in this case, one should avoid 
implantation of a foreign body in the heart unless 
entirely necessary. 
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Parathyroid Re-exploration 


A Clinical and Pathological Study of 112 Cases 


CHIU-AN WANG, M.D.* 


In a series of 112 patients who underwent reoperation for 
primary hyperparathyroidism at the Massachusetts General 
Hospital between 1930 and 1975, all but 10 were treated 
successfully. Seventy-five initial explorations had been per- 
formed elsewhere, and 37 in our hospital. A total of 110 
diseased parathyroids were uncovered—89 (81%) via re- 
exploration of the neck and 21 (19%) via mediastinotomy. 
In operation via the neck, the missing glands were most 
frequently found in the superior posterior mediastinum at the 
thoracic inlet (34, or 38%) and in mediastinal exploration, 
in the upper anterior mediastinum (14, or 67%). There were 
66 patients with adenoma, 7 with carcinoma, and 29 with 
primary hyperplasia. Four had a hyperfunctioning fifth gland. 
One patient had an intrathyroidal and one, an ectopic gland. 
Reoperation was unsuccessful in 10 patients. Four died, and 
6 are living. 

Unsuccessful exploration resulted from failure to understand 
the widespread distribution of normal parathyroids and the 
way they were displaced when diseased, error in diagnosing 
the pathologic entity of hyperparathyroidism at surgery, and 
technical incompetence. 

Reoperation of the neck was generally performed first. A 
mediastinotomy was undertaken only if the missing gland was 
clearly excluded from the neck or if localization studies 
had demonstrated its presence beyond doubt in the medias- 
tinum. Reoperation was rarely performed simultaneously on 
the neck and the mediastinum, and it was seldom indicated 
in asymptomatic cases with a mild degree of the disease. 


VER SINCE THE DISCOVERY of hyperparathyroid- 
E ism, surgical management of the disease has 
been beset with many distressing unsuccessful re- 
sults. Mandl’s patient,® the first European operated 
on for hyperparathyroidism, continued to have the 
disease after what had seemed to be a successful 
exploration. He died of recurrent disease, most prob- 
ably from primary hyperplasia, which had not been 
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recognized. The first American patient with hyper- 
parathyroidism, diagnosed preoperatively by DuBois 
and Aub, was explored seven times in the years be- 
tween 1926 and 1932, before the adenoma was found 
in the mediastinum.! This unfortunate patient died of 
renal complications, which had developed over the 6 
fateful years. 

In the past four decades, while few unsuccessful 
explorations have been reported, it is likely that many 
have been performed. With routine use of the multi- 
channel autoanalyzer, an increasing number of patients 
with a mild degree of the disease are being diagnosed 
and explored. The rate of failure is bound to rise un- 
less surgery is restricted to those who have learned 
to recognize and overcome the obstacles. 

Between 1930 and 1975, 712 patients with primary 
hyperparathyroidism were surgically treated at the 
Massachusetts General Hospital. In approximately 
85%, no difficulties were encountered. .The opera- 
tion was straightforward, and hyperparathyroidism 
was successfully corrected. The remaining 15% were 
problem cases, either because the diseased para- 
thyroid had not been found during the initial opera- 
tion or because hyperparathyroidism had continued 
despite the removal of one or more diseased glands. 
The experience gained from the study of these prob- 
lem cases is the subject of this paper. 


Clinical Data 


This study includes 112 patients who had had one 
or more previous unsuccessful operations for primary 
hyperparathyroidism. In 75, the initial surgery had 
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been performed elsewhere, and in 37, at our own 
institution. Seventy-two were female and 40, male. 
Their ages ranged from 17 to 70, with an average age 
of 43. 

Ninety-seven (8796) had unsuccessful exploration of 
the neck only, and 15 (13%), of the mediastinum 
as well (Table 1). Of the patients who had had an 
unsuccessful exploration of the neck, 72 had one, and 
25 had two or more. Of the 15 patients with negative 
mediastinal exploration, 7 had one exploration of the 
neck, 6 had two, and two had three. 


Reoperation 
Preoperative Localization 


An attempt was made preoperatively to localize the 
missing gland in 83 patients with cervical esopha- 
gography, in 16 patients with venous catheterization 
and parathormone (PTH) radioimmunoassay, and in 
11, with arteriography (Table 2). The gland was 
successfully localized by esophagogram in 19 (23%) of 
the 83. In each, the gland was located in close 
proximity to the cervical esophagus. Its average size 
was 2.5 cm. 

Localization studies with venous catheterization and 
PTH radioimmunoassay or arteriography have been 
ised in cases with multiple unsuccessful explora- 
tions in this series. In 14 (88%) of the 16 patients 
who had selective venous catheterization with PTH 
-adioimmunoassay, the gland was correctly localized; 
n the other two, the gland proved to be in the op- 
;»osite side of the neck. In 8 (73%) of the 11 who had 
irteriography, the parathyroid mass was demonstrated 


TABLE 1. Previous Unsuccessful Operations (112 Patients) 








No. of Performed Performed 
Unsuccessful Elsewhere at MGH* 
Operations (75) (37) Total 
Of Neck 
1 45 27 72 
2 14 5 
3 $ 3 0 
4 2 0 25 
5 0 0 
6 EJ It 
Total 64 33 97 (87%) 
Of Mediastinum 
and Neck 
1 4 3 y 
2 5 1 6 
3 2 0 2 
Total 11 4 15 (13%) 





* Massachusetts General Hospital. 
+ This sea captain, Charles Martel, had 3 operations of the neck 
‘Isewhere and 3 at Massachusetts General Hospital. 
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TABLE 2. Preoperative Localization 


No. of No. of 
Patients Glands Localized (%) 
Cervical esophagography 83 19 (23%) 
Venous catheterization and 
PTH assay 16 14 (88%) 
Arteriography 11 8 (73%) 





as a tumor blush. In the other three, the gland was 
too small to appear in the arteriogram. 

Some preoperative localization studies were more 
helpful than others, though as yet none has proved 
to be consistently accurate. As indicated in this 
study, because cervical esophagography was simple 
to perform and noninvasive, this technique has been 
routinely used and has been found to be accurate in 
localizing the missing gland in a selected group of 
patients.* In experienced hands, localization by venous 
catheterization with or without arteriography was more 
accurate than cervical esophagography, but because 
this procedure is time-consuming and costly, it was 
not used routinely in this series. If there was clear 
indication that the initial exploration had been inade- 
quate and that reoperation would inevitably be needed, 
we did not consider it necessary to subject patients to 
these lengthy and taxing procedures. The majority of 
our patients were successfully re-explored without the 
aid of these studies. 


Operative Findings 
Site of the Missing Glands 


One hundred and two patients were successfully 
re-explored, and a total of 110 missing glands were 
retrieved —89 (81%) via the neck and 21 (19%) via 
the mediastinum (Table 3). With the exception of 6 
glands the location of which was not clearly defined, 
104 were found in the following sites (Fig. 1): 34 in 
the superior posterior mediastinum, 21 in the anterior 
mediastinum, 19 in the dorsum of the upper pole and 
10 behind the lower pole of the thyroid, and 13 within 
the thymic tongue. Five were located behind the upper 
esophageal wall, one at the angle of the jaw, and 1 
within the thyroid. At re-exploration of the neck, the 
superior posterior mediastinum was unquestionably 
the most common site of the missing parathyroid, 
the upper pole of the thyroid was second, and the 
thymic tongue, third. 

Of the 21 missing glands recovered by medias- 





* [n patients with markedly elevated levels of serum calcium or 
plasma PTH, the diseased gland was generally large and could be 
demonstrated as an indentation by cine-esophagogram if it was 
located adjacent to the esophagus. 
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TABLE 3. Sites of 110 Missing Glands* 





Total Glands 
Site Removed 
Neck 89 (81%) 
Mediastinum 21 (19%) 





* Eight patients with primary hyperplasia had one additional gland. 


tinotomy, 19 have been recorded. Fourteen (67%) 
were enclosed within the thymus in front of the 
innominate vein. Conceivably, some had originally 
been hidden at the thoracic inlet where they might 
have been retrieved via the neck. As a result of 
operative severance of the thymic attachment to the 
thyroid, however, they had slipped into the superior 
anterior mediastinum. The remaining 7 missing medias- 
tinal glands (33%) were lodged caudally behind the 
thymus, anterior to the great vessels or the bronchus 
where they could obviously be removed only via a 
mediastinotomy (Fig. 2). 


Pathology of the Missing Glands 


Sixty-six of the 102 successfully re-explored patients 
had an adenoma and 7, a carcinoma. Twenty-nine 
had primary hyperplasia of which 23 were the chief- 
cell type and 6, the clear-cell type (Table 4). 





Fic. 1. Schematic representation of sites of 104 missing glands 
(see text). 
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DISTRIBUTION OF 21 MEDIASTINAL PARATHYRO/DS 


Fic. 2. Schematic representation of sites of 21 mediastinal glands. 
Solid dots indicate glands enclosed in thymus; open dots, those 
behind thymus (see text). 


Of the 66 patients with an adenoma, 51 required 
re-exploration of the neck and 15, a mediastinotomy. 
In each of the 7 patients with a carcinoma, the 
tumor was recovered from the neck at re-exploration. 
Of the 29 patients with primary hyperplasia, 23 under- 
went reoperation of the neck and 6, a mediastinotomy. 
Six patients had the multiple endocrine syndrome. 


Supernumerary and Ectopic Glands 


Four patients had a hyperfunctioning fifth gland 
which was located in the mediastinum in three and be- 
hind the cervical esophagus in one. Three of the diseased 
glands were adenomas, and in one, hyperplasia was 
the cause of failure in the initial operation. 

Each of two patients had an ectopic gland. In 
one, the gland was intrathyroidal, located within 
the left thyroid lobe. The other, located behind the 
angle of the right side of the jaw and associated 
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TABLE 4. Pathological Classification of 102 Patients 


No. of Excision Excision via 

Patients via Neck Mediastinum 
Adenoma 66 51 15 
Carcinoma 7 7 0 
Hyperplasia* 29 23 6 


* Twenty-three chief-cell; 6 clear-cell; 6 multiple endocrine 
syndrome. 


with a pad of thymic fat, was likely to be an in- 
ferior gland, secondary to developmental arrest. 


Results 
Complications 


Forty-seven patients, nearly half of those in our 
series, developed transient hypocalcemia with a serum 
calcium of 8 mg % or lower on the second or third 
postoperative day, but the symptoms often were mild. 
These patients rarely required prolonged calcium 
therapy. 

In 20 other patients, two or more normal parathy- 
roid glands had been excised either accidentally or 
intentionally, and severe hypocalcemia became evident 
in the immediate postoperative period. In 3 pa- 
tients, intensive calcium and Vitamin D therapy was 
needed for a period of more than a year and a half. 
Because hypocalcemia is likely to become protracted 
in a patient in this group who had had a benign lesion, 
the preferred treatment was subtotal ablation of the 
diseased gland, leaving a small remnant of the hyper- 
functioning tissue in situ (approximately 75 mg) to ob- 
viate the risk of permanent hypoparathyroidism. 

Injury to the recurrent laryngeal nerve occurred in 
3 patients who subsequently recovered spontaneously. 


Unsuccessful Reoperation 


In 10 of the 112 patients, the diseased gland was 
not found at reoperation, and the outcome was con- 
sidered a failure (Table 5). Four of the 10 died of the 
disease, and 6 are living. Postmortem examination of 
the four who died showed an adenoma in the carina 
in the first, in front of the pulmonary artery in the 
second, and behind the aortic arch in the third, but 
none in the fourth patient. All four patients had 
undergone three or more unrewarding explorations. 
The disease was relatively mild in the 6 living pa- 
tients; they were asymptomatic and are currently being 
treated medically. 


Discussion 


From this study, it seems clear that ultimate success 
in the management of patients with continuing hyper- 
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parathyroidism depends on the surgeon. He alone must 
recognize where the mistake lies and how to correct it. 


Causes for Unsuccessful Parathyroid Exploration 


Of the three causes of unsuccessful parathyroid 
exploration, by far the commonest was the failure of 
the surgeon to understand the normal location of the 
parathyroid glands and the way the glands may be 
displaced when they become diseased. Despite the 
wide spread of possible sites, the parathyroid gland 
generally falls in a fairly definite pattern of distribution, 
sharing its origin embryologically with the thyroid 
and the thymus. The adult upper gland (Parathyroid 
IV) is frequently confined to the lateral posterior 
surface of the thyrocricoid junction, or the dor- 
sum of the upper pole, and the adult lower gland 
(Parathyroid III) is located at or near the lower pole 
of the thyroid or within the thymic tongue. Rarely, 
the parathyroid gland may be found in an ectopic 
location.? This embryologic relationship of the para- 
thyroid, the thyroid, and the thymus explains why 
the location of many parathyroid glands is predictable. 
Failure to appreciate this relationship constitutes the 
main cause of unsuccessful exploration in many pa- 
tients. Nineteen of the 110 glands, for example, were 
overlooked at the dorsum of the upper pole of the 
thyroid, 10 behind the lower pole of the thyroid, and 
13 within the thymic tongue at the thoracic inlet. 

A parathyroid gland seldom remains in one place, 
tending to move about, particularly when it is diseased. 
One located outside the capsule of the thyroid— the 
extracapsular gland—tends to be displaced into an 
area where it encounters the least resistance, most 
commonly the superior posterior mediastinum. In this 
series, 34 missing glands were recovered in this loca- 
tion. Similarly, a diseased parathyroid gland within the 


TABLE 5. Unsuccessful Reoperations (10 Patients) 





Case No. of 
Number* Operations Result Pathology Site 
1 3 (2N, IM)* Died Adenoma At carina 
2 3 (3N) Died Adenoma In front of 
right pulmonary 
artery 
3 3 (2N, 1M) Died Adenoma Behind aortic arch 
4 4 (2N, 2M) Died . Not found: 
5 3 QN, 1M) Living Unknown 
6 4 (3N, 1M) Living Unknown 
7 2 (2N) Living Unknown 
8 2 (2N) Living Unknown 
9 2 (2N) Living Unknown 
10 2 (IN, 1M) Living Unknown 





* Case numbers 1 through 6 had initial procedure elsewhere and 
7 through 10, at Massachusetts General Hospital. 

* N, neck; M, mediastinum. 

€ At postmortem examination. 
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thymic tongue can easily disappear behind the clavicle 
and sink into the superior anterior mediastinum. 
This unique characteristic of the parathyroid is rarely 
appreciated and accounts for the fact that the diseased 
glands may be readily recovered in some patients and 
completely missed in others. 

The next cause for unsuccessful parathyroid explora- 
tion was error in diagnosing the pathologic types of 
hyperparathyroidism at surgery. As evidenced by 29 
patients in this series with primary hyperplasia, hyper- 
parathyroidism had continued despite excision of one 
or more diseased glands at the initial operation. 
Intraoperative differentiation of primary hyperplasia 
from adenoma is not always easy, but it can be done.?:!? 
If the macroscopic features of the second gland are 
clearly normal, the enlarged gland is likely to be a 
neoplasm, commonly an adenoma.* Excision of the 
adenoma is all that is needed for cure because the 
third and fourth glands are generally free of the 
disease and need not be sought. Double adenomas, if 
they ever exist, are rare. We have not encountered 
a case in the last 500 patients with primary hyper- 
parathyroidism treated here.* In contrast, if the second 
gland is also diseased, the pathologic process must 
surely involve all the other glands, and the diagnosis 
is obviously primary hyperplasia. Resection of only 
one or even two glands is seldom adequate; the 
removal of three or more may be required. In theory, 
then, the ideal surgical approach to hyperpara- 
thyroidism should be based on the pathologic diag- 
nosis,* but if the surgeon is doubtful of the diag- 
nosis, he must by all means search for the remaining 
parathyroids. 

The third cause for lack of success in the surgical 
correction of hyperparathyroidism is technical incom- 
petence. In more than half the unsuccessful cases, the 
initial diagnosis of parathyroid tissue later was proved 
at histological examination to be that of a lymph node 
or of fat or thyroid tissue. In less than half these 
patients had two and very rarely, three glands been 
identified and confirmed. 

That surgery of hyperparathyroidism is demanding 
should go without saying but bears reiteration. A 
bloodless field, meticulous technique and above all, 
knowledge of the anatomy of the normal parathyroids 
and their pattern of distribution are essential to a 
successful exploration.?:? 





* Carcinoma is rare and, in general, can be recognized by its 
stony hard consistency, its whitish-gray color, and its tendency to 
invade locally. 

* The diagnosis of double adenoma in a Massachusetts General 
Hospital series of 13 patients prior to 1958 subsequently proved 
to be primary hyperplasia in 6 and has not been conclusively 
substantiated in the other 7. 
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To Reoperate or Not to Reoperate 


In his eagerness to find the missing gland, the 
surgeon frequently wants to reoperate on his patient. 
In general, this is understandable, but not every 
patient needs the reoperation. If the disease is rela- 
tively mild and unaccompanied by metabolic compli- 
cations, reoperation is not warranted. In fact, a pa- 
tient with asymptomatic hyperparathyroidism seldom 
requires an operation and perhaps should not have 
been operated on in the first place. At the Massa- 
chusetts General Hospital, a patient is generally man- 
aged medically if the serum calcium level is con- 
sistently below 11 mg %, if the plasma parathormone 
level is undetectable or only slightly elevated, and 
if the 24-hour-urinary calcium is less than 150 mg. 
These parameters indicate a mild degree of hyper- 
parathyroidism which is seldom lifethreatening. Fur- 
thermore, the missing diseased gland is generally 
small in these patients and often difficult to find at 
reoperation. Cases have been well documented that 
patients with asymptomatic and mild hyperparathy- 
roidism have lived for years without progression of 
the disease.* 


Reoperation: the Neck, the Mediastinum, or Both 


Statistically, very few patients require a medias- 
tinotomy because a mediastinal parathyroid is rare.? 
The majority of the missing glands in our series 
(81%) were retrieved via the neck where they had 
been overlooked at the initial operation. Many miss- 
ing mediastinal glands (67%) were located high in the 
superior anterior mediastinum, and they might have 
been retrieved by the same route. It is well, there- 
fore, to defer this procedure until the neck has been 
thoroughly searched. Four patients in this series under- 
went exploration first of the neck, then of the medias- 
tinum, and finally, of the neck again where the missing 
gland was recovered. Mediastinal exploration could 
have been spared in these four patients had the first 
exploration of the neck been thorough. 

The surgeon may also be guided by the previous 
operative findings and the localization studies. An 
inadequate initial exploration of the neck, as evi- 
denced by the finding of only one or even two normal 
glands, should necessitate reoperation of the neck, un- 
less localization studies clearly demonstrate the pres- 
ence of a mediastinal parathyroid tumor. In this 
event, further surgery of the neck is seldom needed. 

It is generally preferable to perform a medias- 
tinotomy as a separate operation. Simultaneous ex- 
ploration of the neck and mediastinum is exhaust- 
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ing and often ends in only a cursory examination 
of both. 

If thorough search for the missing gland fails re- 
peatedly, it is better for the surgeon to accept defeat 
than to pursue another fruitless attempt. A medical 
regime may be a reasonable alternative therapy. 
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Mallory-Weiss Syndrome 


A Changing Clinical Picture 


GEORGE J. TODD, M.D., BASHIR A. ZIKRIA, M.D., F.A.C.S. 


A retrospective study of 18 episodes of upper gastrointestinal 
(UGI) bleeding secondary to Mallory-Weiss syndrome oc- 
curring in 16 patients is presented. Reported cases published 
since 1969 have been summarized and compared with earlier 
collected series. It is evident that the clinical spectrum, 
prognosis, and opinion regarding etiology and treatment of 
the syndrome have changed in the last decade. Increased 
awareness of gastroesophageal lacerations secondary to emesis 
as well as other causes of significantly increased intra- 
esophagogastric pressures, and widespread utilization of fiber- 
optic endoscopy have resulted in identification of Mallory- 
Weiss syndrome with increasing frequency. Less severe lacera- 
tions which are healing with medical therapy are being 
recognized. It is recommended that endoscopy be performed 
in all cases of UGI hemorrhage and that patients with 
Mallory-Weiss syndrome be managed medically unless hemor- 
rhage is massive or persistent since nearly three of four 
patients can be successfully treated without operation. 


PPER GASTROINTESTINAL (UGI) hemorrhage sec- 
U ondary to mucosal tears at or near the cardio- 
esophageal junction has received increasing attention 
in recent years and the overall morbidity and mor- 
tality of the condition appears to have diminished. 
Increased utilization of fiberoptic endoscopy has re- 
sulted in more frequent diagnosis of the syndrome 
and consequently milder forms have been identified. 
Initial description of post-emetic lacerations was pre- 
sented by Mallory and Weiss? in 1929. Prior to 
endoscopic diagnosis of the syndrome by Hardy, 
all reported cases were diagnosed either at surgery 
or postmortem examination. At present, cases of upper 
gastrointestinal hemorrhage not sufficiently severe to 
warrant operative intervention are being endoscopi- 
cally recognized as being due to Mallory-Weiss 
syndrome. It is now apparent that the severity of 
the clinical spectrum can range from bleeding without 
the need for transfusion to massive hemorrhage re- 
quiring emergency operation. A retrospective analysis 
of cases of Mallory-Weiss syndrome was undertaken 
to determine if the experience at our medical center 
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From the Department of Surgery, 
Presbyterian Hospital, 
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New York, New York 


coincided with the trend toward more frequent medi- 
cal treatment of this condition which has recently 
been reported.?:11:13:15.16 


Materials 


The records of patients with upper gastrointestinal 
hemorrhage secondary to endoscopically or surgically 
documented Mallory-Weiss syndrome at Columbia- 
Presbyterian Medical Center were reviewed for the 
period 1968—1975. There were 18 documented in- 
stances of emetogenic laceration of the gastric or 
esophageal mucosa occurring in 16 patients during this 
period. 


Results 


The patients ranged in age from 26 to 68 years. Nine 
of the 16 were male. A history of chronic heavy 
alcohol consumption was obtained from 14/16 patients 
with 8 reporting excessive consumption just prior to 
the onset of hematemesis. A history of retching and 
regurgitation of food or clear material prior to the 
onset of hematemesis was obtained in 13/18 bleeding 
episodes— the remainder vomited blood initially. Pain- 
less hematemesis was reported in 17/18. The diagnosis 
was made endoscopically in 16/17 instances—in 
one case subsequently shown at operation to have a 
gastric mucosal laceration, the endoscopist reported 
a normal esophagus but was unable to adequately 
visualize the gastric mucosa because of excessive 
blood. In one case, endoscopy was not performed. 
There were no deaths among the patients treated 
medically (Table 1). The average hospital stay was 
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TABLE |. Patients with Mallory-Weiss Syndrome admitted to 
Columbia-Presbyterian Medical Center (1968 —1975). 


Average Follow-up- 
Trans- Months 
Pa- fusion Average Recur. Mor- 
tients (Units) (Range) rence — tality 
Non-operative 10 3.6 32 (12-66) l 0 
Operated 6 5:8* 49 (15-92) 1 l 


* Transfusion before surgery. 


9 days and the average transfusion requirement was 
3.6 units with the range from no transfusion in 
three patients to 8 units in two patients. Operation 
was performed in 6/18 bleeding episodes. Among the 
surgically treated cases, there was one death from 
hepatic failure 16 days after oversewing both a gastric 
mucosal tear and a bleeding varix in a 62 year old 
male with hepatic cirrhosis. The average hospital 
stay of the remaining five operated cases was 10 
days—one case required reoperation four days after 
the initial procedure because of bleeding from the 
gastrotomy site. There were two documented recur- 
rences of Mallory-Weiss syndrome in this series 
occurring one month and 32 months respectively fol- 
lowing the first episode. The latter case had been 
treated surgically at the time of the first occurrence. 
Neither of the recurrent bleeding episodes required 
operation. Another patient who had been treated 
surgically returned 6 months later with UGI hemor- 
rhage. The patient refused gastroscopy, the UGI 
series was negative and the patient was stabilized 
after transfusion of three units. 


Discussion 


Collective reviews of reported cases of Mallory- 
Weiss syndrome were published in 1966 and 1969 by 
Holmes and Weaver" respectively. Our review of the 
literature since 1969 disclosed a total of 139 reported 
cases (including this series).?:9:10713.15.19.1 Comparison 
of the most recently reported cases with those re- 
viewed in earlier collected series is interesting with 
regard to both treatment and prognosis (Table 2). 
Whereas 5296 of the first 121 cases reported were 
treated surgically, only 28% of the more recently 
diagnosed cases have required operation. In our series, 
6/18 bleeding episodes were treated surgically; in 
retrospect, it seems that operation might possibly 
have been avoided in two patients if medical manage- 
ment had continued. Seventy-two per cent of the 
most recently reported cases of endoscopically docu- 
mented Mallory-Weiss syndrome have been treated 
conservatively with a 9796 survival. Of those patients 
requiring operation, the most recent information indi- 
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cates a 95% survival compared with an 81% survival 
of cases reported prior to 1966. 

The changing clinical picture of Mallory-Weiss 
syndrome would seem to be secondary to widespread 
utilization of fiberoptic endoscopy. Lacerations of the 
gastroesophageal mucosa are being diagnosed with 
increased frequency and less serious forms are being 
recognized. This is reflected in the greater percentage 
of patients with Mallory-Weiss syndrome that are being 
treated conservatively now as compared to the era 
prior to fiberoptic endoscopy. Lacerations of the mu- 
cosa are rarely diagnosed on the basis of UGI 
series.?* [t is likely that many patients with 
Mallory-Weiss syndrome who presented with mild. 
self-limited UGI bleeding and had negative UGI barium 
examinations were diagnosed as having gastritis before 
endoscopic examination became routine. 

Increased survival of patients treated medically 
reflects improved management of UGI bleeding in 
general. Surgical mortality has declined because sur- 
geons are more aware of the condition and because 
of the ability of the endoscopists to make a pre- 
operative diagnosis. 

Excessive alcohol consumption and vomiting were 
previously considered to be essential factors in the 
etiology of the classical Mallory-Weiss syndrome. 
Zikria et al.” proposed the term "emetogenic" to 
emphasize the etiology of the mucosal injury. It now 
seems apparent however, that the development of 
high intra-esophagogastric pressures! by whatever 
means can result in laceration. While the majority of 
lacerations are due to vomiting (all in our series). 
tears secondary to external cardiac massage,’ cough- 
ing, straining at stool, heavy lifting, hiccuping under 
anesthesia* and blunt abdominal trauma’! have been 
described. Similarly, excessive alcohol intake is not 
necessarily a part of the clinical picture. In the 
collected series reported by Weaver," only 60% of 
emetogenic lacerations were associated with an al- 
coholic episode. There were two recurrences of the 
syndrome in our series. Neither episode required 
operative intervention. Surprisingly, there are only 
four other reported documented recurrences of 
Mallory-Weiss syndrome in the literature.?:??-!5 


TABLE 2. Collected series of Mallory-Weiss Svndrome from 
the medical literature (1929 —1975). 











Number % 
of % Operated Non-operative 
Period Cases (% Survival) — (9€ Survival) 
1929— 19665 121 52% (81%) 48% (38%) 
1966— 196917 108 47% (90%) 53% (86%) 
1969— 19752.9.10713.15,16,19 139 28% (95%) 72% (97%) 
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In managing patients with Mallory-Weiss syndrome 
it should be emphasized that diagnosis of this en- 
tity is not an indication for immediate operation 
as it is in cases of emetogenic rupture of the 
esophagus. However, one should not be lulled into 
complacency because of the 72% incidence of spon- 
taneous cessation of bleeding and eventual healing 
of the esophagogastric lacerations. 

Criteria for operative intervention should be guided 
by those which are applied to UGI hemorrhage 
in general. Medical management, similarly is no 
different than for other sources of UGI bleeding. 
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RUTHERFORD: Vascular Surgery 


Edited by Robert B. Rutherford, MD, Assoc. Prof. of Surgery, Univ. 
of Colorado School of Medicine, Denver. About 1400 pp., 660 ill. 


About $55.00. Just Ready. Order #7855-6. 


CONVERSE: Reconstructive Plastic Surgery: 
Principles and Procedures in Correction, 
Reconstruction and Transplantation, 2nd Edition 


Seven-Volume Set: Totaling about 3,960 pp., 2,810 ill. 
About $250.00. Order #2691-2. 
Volume I: General Principles: About 595 pp. Order #2680-7. 
Volume Il: Facial Injuries; Orbit; Nose; Cranium: About 690 pp. 
Order #2681-5. 
Volume Ill: Jaws; Lips and Cheeks; Facial Burns; Cervical Region; 
Ears; Facial Palsy; Aging Face: About 640 pp. Order #2682-3. 
Volume IV: Cleft Lip and Palate; Craniofacial Deformities: 
About 580 pp. Order #2683-1. 
Volume V: Tumors of Head and Neck; Skin Tumors: 
About 440 pp. Order #2684-X. 
Volume VI: Hand and Upper Extremity: About 565 pp. 
Order #2685-8. 
Volume VII: Lower Extremity; Trunk; Genitourinary Tract: 
About 450 pp. Order #2686-6. 


Edited by John Marquis Converse, MD, Lawrence D. Bell Professor 
of Plastic Surgery, New York University School of Medicine; Asst. 
Editor, Joseph G. McCarthy, MD, Asst. Prof. of Plastic Surgery, New 
York Univ. School of Medicine; and Editor, section on The Hand, J. 
William Littler, MD, Chief of Plastic and Reconstructive Surgery, 
The Roosevelt Hospital, New York City. Vol. I-VI about $40.00 each. 
Volume VII about $35.00. Just Ready. 


P m Nem let Saunders be 
your guide. 


In all types of surgery—from plastic to orthopedic, from 
vascular to thoracic—Saunders’ books provide you with the 
best guidelines available. To order these new books on 
30-day approval, use the handy coupon below. Enclose 
payment with order and we'll pay postage and handling. 


RAVITCH: Congenital Deformities of the Chest 
Wall and Their Operative Correction 


By Mark M. Ravitch, MD, Prof. of Surgery, Univ. of Pittsburgh 

Schoo! of Medicine; Surgeon-in-Chief, Montefiore Hospital, 

Pittsburgh. About 305 pp., 110 ill. About $26.50. Just Ready. 
Order #7479-8. 


DRIPPS, ECKENHOFF & VANDAM: Introduction to 
Anesthesia: The Principles of Safe Practice, 
5th Edition 


By the late Robert D. Dripps, MD, former Vice-President for Health 
Affairs and Prof. of the Dept. of Anesthesia, the Univ. of Pennsyl- 
vania School of Medicine; James E. Eckenhoff, MD, Dean and Prof. 
of Anesthesia, Northwestern University Medical School, Chicago; 
and Leroy D. Vandam, MD, Prof. of Anesthesia, Harvard Medical 
School, Anesthesiologist-in-Chief, Peter Bent Brigham Hospital, 
Boston. About 545 pp., 120 ill. About $12.95. Just Ready. 
Order #3193-2. 


SABISTON: Davis-Christopher Textbook of 
Surgery: The Biological Basis of Modern 
Surgical Practice, 11th Edition 


Edited by David C. Sabiston, Jr., MD, James B. Duke Professor and 
Chairman, Dept. of Surgery, Duke University Medical Center, 
Durham, North Carolina. About 2,465 pp., 1,640 ill. (8 in color). Just 
Ready. 

Single Volume: About $35.00. 
Two-Volume Set: About $42.50. 


Order #7868-8. 
Order #7869-6/7870-X. 


HACKENBROCH & WITT: Atlas of Orthopedic 
Operations: Volume lll—Surgery of the Spine 


Edited by Prof. Dr. Matthias Hackenbroch, Director, Orthopedic 
Clinic and Polyclinic, Univ. of Cologne; and Prof. Dr. Alfred N. Witt, 
Director, Orthopedic Clinic, Univ. of Munich. Written by Prof. Dr. 
Friedrich Wilhelm Rathke, Chief, Orthopedic Clinic in Lud- 
wigsburg; and Prof. Dr. Karl Friedrich Schlegel, Director, University 
Orthopedic Clinic and Polyclinic in Essen. About 250 pp. Illustd. 
About $70.00. Just Ready. Order #4445-7. 
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the new improved model A-40C 


Pleur-evac 


UNDERWATER-SEAL 
DRAINAG 





e All immediate instructions for setup and 
operating are now printed directly on flat 
face 
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e Only functional areas are visible, 
permitting quicker visual check of critical 
fluid levels 


e True double protection against loss of 
water seal is provided by new “fail-safe” 
baffled construction located above the 


| 
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Instructions printed on face. 

e Step-by-step instructions are 
explicitly marked at the points 
where filling and connections 
are made 


Locations of all components 
are designated 


References are made to 
enclosed label when more 
detailis required 


Only functional areas 
visible. 

Each chamber is color-coded 
and discrete. Within each 
chamber, the arms of the 
U-tube manometers and 
collection sections are 
discrete. The small arm and the 
large arm of the U-tube 
manometers are clearly 
delineated 


Calibrations in all chambers 
are clear-cut for maximum 
visibility 


e Precautions are designated 
- Persistence of bubbling 


- Above-scale negativity 
-Air flow parameters 


Division of Deknatel, Inc. Queens Village, New York 11429 
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high negativity float valve 


e Computation of the pressure in the pleural 
cavity is now taken from the direct reading 
water-seal pressure scale and the direct 
reading suction control pressure scale 


e Sturdier construction is made possible by 


new flat face 





True double protection. 

e If excessively high negativity is 
induced and maintained 
(through“ milking” of tube with 
no relief), the pooling of water 
above the float valve will 
prevent the loss of that water 
into the Collection Chamber 
thus maintaining the 
water-seal 


e If excessively high negativity 


on inspiration causes the water 
to spurt up and the float valve 
cannot close completely. the 
rising Jet strikes the baffle. The 
water then flows back down 
into the Water-Seal Chamber, 
maintaining the water-seal 


*Code No. A-4000 
Adult-Pediatric. Non-Metered 
U.S. Patents No. 3,363,626 
3,363,627, 3,559,647, 3,683,913 
and 3,853,128. Corresponding 
Patents and Patents Pending 
in Foreign Countries. 


There is no change inthe 
function of the three 
chambers: 


-Identical Chambers 
-Identical Setup 
-Identical Connections 
-Identical Code Number 





For a demonstration at you 
hospital, contact your loca, 
representative or write: 
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Another opening 
for staph? 


stoperative surgical infections 
e replacement: a procedure that can at 
e sustain life and predispose to infection. 
ough identification of the infectious 
anism may be difficult, a delay in treatment 
Id result in invasion of the endocardium. 
b implicated organism may be a penicillinase- 
bducing staph. Progression can be swift 
D devastating. 


ial antistaph therapy: injection 

vitally important that effective treatment of 
terial invasion begin as soon as possible. 

ou suspect the presence of staph and must 

hin therapy before definitive culture results 
known, Injection Unipen" (nafcillin sodium) + 


is a particularly suitable agent. 


Appropriate specimens for bacteriologic 
studies to determine the causative organisms 
and their susceptibility to nafcillin should be 
taken prior to the first dose of antibiotic.t And, if 
those studies subsequently implicate organisms other 
than penicillinase-producing staphylococci sensitive 
to nafcillin, discontinue it and administer the appro- 
priate antibiotic. 


Rapid penetration 

Unipen appears rapidly in plasma following 
intramuscular administration. Penetrates body tissues 
in high concentrations and diffuses well into pleural, 
pericardial and synovial fluids. 





call" capability 
onstitutes in less than 60 seconds. Remains 
ble for 24 hours. 


ow-up therapy: oral 

ben (nafcillin sodium) is available in tablets, 

bules, and oral solution as well as the parenteral 
. The injectable form should be used initially 

Pvere infections. And as soon as the clinical 

Hition warrants, oral forms of Unipen allow you 

bntinue antistaph therapy with the same anti- 
cinaform more convenient to patients. 


llin-susceptible penicillinase-prod ucing staphylococci 
mportant Note on next page. 

mportant information under Parenteral Administra- 

pn next page. 


INJECTION AND ORAL 


UNIPEN' 


(nafcillin sodium) 


as the monohydrate. buffered, Wyeth 


Wyeth Laboratories 


Philadelphia, Pa. 19101 
AEN BN See important information on next page. lj» 
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Unipen 
(nafcillin sodium) 


AS THE MONOHYDRATE, BUFFERED WYETH 


Disc Susceptibility Tests: Quantitative methods that require 
measurement of zone diameters give the most precise estimates of 
antibiotic susceptibility. One such procedure* has been recom- 
mended for use with discs for testing susceptibility to penicillinase- 
resistant penicillin-class antibiotics. Interpretations correlate diam- 
eters on the disc test with MIC values for penicillinase-resistant 
penicillins. With this procedure, a report from the laboratory of 
"susceptible" indicates that the infecting organism is likely to 
respond to therapy. A report of “resistant” indicates that the infect- 
ing organism is not likely to respond to therapy. A report of "'inter- 
mediate susceptibility" suggests that the organism would be 
susceptible if high dosage is used, or if the infection is confined to 
tissues and fluids (e.g., urine) in which high antibiotic levels are 
attained. 

*Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic 
Testing by a Standardized Single-Discs Method, Am. J. Clin. Pathol., 
45:493, 1966 ; Standardized Disc Susceptibility Test, FEDERAL REGISTER 
37:20527-29, 1972. 

Indications: Although the principal indication for nafcillin sodium 
is in the treatment of infections due to penicillinase-producing 
staphylococci, it may be used to initiate therapy in such patients in 
whom a staphylococcal infection is suspected. (See lmportant 
Note below.) 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to nafcillin sodium should be performed. 

In serious, life-threatening infections, oral preparations of the 

penicillinase-resistant penicillins should not be relied on for 
initial therapy. 
Important Note: When it is judged necessary that treatment be 
initiated before definitive culture and sensitivity results are known, 
the choice of nafcillin sodium should take into consideration the fact 
that it has been shown to be effective only in the treatment of infec- 
tions caused by pneumococci, Group A beta-hemolytic streptococci 
and penicillin G-resistant and penicillin G-sensitive staphylococci. 
if the bacteriology report later indicates the infection is due to an 
organism other than a penicillin G-resistant staphylococcus sensitive 
to nafcillin sodium, the physician is advised to continue therapy with 
a drug other than nafcillin sodium or any other penicillinase- 
resistant semi-synthetic penicillin. 

Recent studies have reported that the percentage of staphylococcal 
isolates resistant to penicillin G outside the hospital is increasing, 
approximating the high percentage of resistant staphylococcal iso- 
lates found in the hospital. For this reason, it is recommended that 
a penicillinase-resistant penicillin be used as initial therapy for any 
suspected staphylococcal infection until culture and sensitivity 
results are known. 

Methicillin is a compound that acts through a mechanism similar 
to that of nafcillin sodium against penicillin G-resistant staphylo- 
cocci. Strains of staphylococci resistant to methicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resulting 
in fatality. Because of this there is concern that widespread use of 
the penicillinase-resistant penicillins may result in the appearance 
of an increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Contraindications: A history of allergic reaction to any of the 
penicillins is a contraindication. 

Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported in patients on penicillin 
therapy. Although anaphylaxis is more frequent following parenteral 
therapy it has occurred in patients on oral penicillins. These re- 
actions are more apt to occur in individuals with a history of 
sensitivity to multiple allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersen- 
sitivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to penicillins, cephalosporins, and other 
allergens. If an allergic reaction occurs, appropriate therapy should 


be instituted, and discontinuation of nafcillin therapy considered. 
The usual agents (antihistamines, pressor amines, corticosteroids) 
should be readily available. 

Precautions: As with any potent drug, periodic assessment of 
organ system function, including renal, hepatic and hematopoietic, 
should be made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The ora! route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 

because of the possibility of thrombophlebitis. 
Adverse Reactions: Reactions to nafcillin sodium have been 
infrequent and mild in nature. As with other penicillins, the possi- 
bility of an anaphylactic reaction or serum sickness-like reactions 
should be considered. A careful history should be taken. Patients 
with histories of hay fever, asthma, urticaria, or previous sensi- 
tivity to penicillin are more likely to react adversely. 

The few reactions associated with the intramuscular use of nafcillin 
sodium have been skin rash, pruritus, and possible drug fever. As 
with other penicillins, reactions from oral use of the drug have in- 
cluded nausea, vomiting, diarrhea, urticaria, and pruritus. 
Parenteral Administration: It is recommended that parenteral 
therapy be used initially in severe infections. The patient should be 
placed on oral therapy with this product as soon as the clinical condi- 
tion warrants. Very severe infections may require very high doses. 

Intravenous Route: The required amount of drug should be 
diluted in 15 to 30 ml. of Sterile Water for Injection, U.S.P., or 
Sodium Chloride Injection, U.S.P., and injected over a 5- to 10- 
minute period. This may be accomplished through the tubing of an 
intravenous infusion if desirable. 

Stability studies on nafcillin sodium at concentrations of 2 mg/ml 
and 30 mg/ml in the following intravenous solutions indicate the 
drug will lose less than 10% activity at room temperature (70° F.) 
during the time period stipulated: 


Isotonic sodium chloride... ...............0..2..20005- 24 hours 
5% dextrose in water ..... ....24 hours 
5% dextrose in 0.4% 

sodium chloride solution E EEIT ....24 hours 


Ringer's solution EEEE T EET 24 hours 
M/6 sodium lactate solutio 
(conc. of 30 mg/ml) ................---...--..........24 hours 

Discard any unused portions of intravenous solutions after 
24 hours. 

Only those solutions listed above should be used for the intra- 
venous infusion of Unipen® (nafcillin sodium). The concentration of 
the antibiotic should fall within the range of 2 to 30 mg/ml. The drug 
concentrate and the rate and volume of the infusion should be 
adjusted so that the total dose of nafcillin is administered before 
the drug loses its stability in the solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 

Intramuscular Route: The clear solution should be administered 
by deep intragluteal injection immediately after reconstitution. 
After reconstitution, keep refrigerated (2°-8° C.) and use within 
7 days or keep at room temperature (25° C.) and use within 3 days. 
Oral Administration: Beta-hemolytic streptococcal infections 
should be treated for at least 10 days to prevent development of 
acute rheumatic fever or glomerulonephritis. 

If oral therapy is inadequate, resort to parenteral nafcillin sodium. 

After mixing, the oral solution must be stored in a refrigerator. 

Discard any unused portion after one week. 
Supplied: INJECTION (VIALS)—Supplied in vial sizes of 500 mg., 
1 gram, and 2 gram nafcillin sodium as the monohydrate, buffered. 
When reconstituted as recommended, the contents of each vial pro- 
vide, respectively, 2-, 4- or 8-ml. of nafcillin sodium solution 
equivalent per m/. to 250 mg. nafcillin buffered with 10 mg. sodium 
citrate. Film-coated TABLETS—containing nafcillin sodium as the 
monohydrate, equivalent to 500 mg. nafcillin buffered with calcium 
carbonate. CAPSULES—containing nafcillin sodium, as the mono- 
hydrate, equivalent to 250 mg. nafcillin buffered with calcium car- 
bonate. FOR ORAL SOLUTION—Bottle of dry nafcillin sodium as 
monohydrate—powder for reconstitution to provide 100 ml. of 
solution containing nafcillin sodium equivalent to 250 mg. nafcillin 
per 5 ml. 
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Epidemiology of Venous Thromboembolism 


This review of the epidemiology of venous thromboembolism 
includes estimates of incidence and prevalence of venous 


thrombosis and its sequelae, a discussion of geographical, f 


annual and seasonal variations and data concerning possible 
risk factors; Selection of patients at increased risk for develop- 
ment of deep venous thrombosis or pulmonary embolism for 
specific diagnostic screening or for prophylactic therapy with 
low-dose heparin may be a more effective approach to lower- 
ing morbidity and mortality f from this disease. 


AHE DISCIPLINE OF EPIDEMIOLOGY deals with the 
T incidence and prevalence of a disease, its impact 
upon the health of a nation or society in general, 
and those conditions which influence the frequency of 
appearance of the disease in a given location or popu- 
lation. By defining factors which appear to affect the 
risk of development ofa disease, one may develop leads 
to possible etiology or pathogenesis and, in Some cases, 
design a more rational Or cost-effective program for 
prevention. 

‘An increasing interest in the developrient of safer 
measures for the prevention of. venous thrombo- 
embolic complications has made a knowledge of the 
epidemiology of thromboembolism of practical i impor- 
tance.to the physician i in the selection of those patients 
in whom he wishes to institute specific PROphyacue 
procedures. 


Incidence and Prevalence of Venous Thromboembolism 
and its Sequelae 


Unfortunately, the difficulties in clinical diagnosis of 
both deep venous thrombosis and pulmonary embolism 
limit the accuracy of previous and current estimates. 
In addition, since fatal pulmonary embolism in hos- 
pitalized patients usually occurs as a- sequél to the 
primary disease for which the patient was. admitted, 
vital statistics derived from coded death certificates 
present a gross underestimate of true frequency. Ross- 
man, in a sample of death certificates from New York 
City, has shown that less than one in six deaths primar- 
ily ascribed to pulmonary embolism was appropriately 
coded (International Classification of Diseases: ICD 
Category 450).45 Also, there is the contrary problem 
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that not all sudden deaths omei are attributed to 
pulmonary embolism, but lack confirmation by au- 
topsy, represent the correct. diagnosis. 

For these reasons, perhaps the most accurate, al- 
though stil! very imperfect, values for the frequency 
of fatal pulmonary embolism are derived from extrap- 
olations based upon autopsy data. Several estimates, 
in which pulmonary embolism was judged to be either 
the sole cause of death or a major contributory cause, 
are in the range of 140,000-—200,000 deaths per year in 
the United States.?^5* Even these figures may under- 
estimate true frequency since Morrell and Dunnill4 
have. shown that meticulous section of the lung i in one 
centimeter segments will markedly increase the fré- 
quency of detection of recent and organizing pul- 
monary emboli and ‘their presumed. sequelae (fibrous 
webs, intimal. fibrosis): Smith et al./5* have demon- 
strated that utilization of a technique for demonstra- 
tion of ‘pulmonary embolism at autopsy ‘by barium 
angiography may more than double the frequency 
usually reported with conventional methods; on ‘the 
basis of their studies, they. have: called. pulmonary 
embolism “the most common lethal pulmonary disease 
in adults seen at necropsy in the general hospital 
population’? and “the third most common cause of 
death in this hospital." 

Not all pulmonary emboli ood at autopsy are 

"clinically significant" with respect to contributing to 
mortality. The judgment as to clinical significance is 
somewhat subjective, being based on the nature of the 
terminal episode, size and number of emboli, severity 
of associated disease, etc. Nevertheless, in our studies 
of 10 year autopsy samples 20 years apart, the number 
of significant emboli remained in the range of 7 to 9% 
of all subjects.?*3* However, because of the nature of 
the primary disease, only about one-half of those 
individuals with major embolism would have had an ex- 
tended life expectancy had pulmonary embolism nót 
occurred. Other investigators, using similar criteria, 
have also concluded that in approximately one-half of 
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patients with pulmonary embolism at necropsy,. the 
emboli are the immediate cause of death and that in 
this sub-group, about one-half of these would have been 
expécted to have survived: for a considerable period 
had the embolism not résulted in death.'?* All of the 
above issues must be considered in attempting tó assess 
the true impact of pulmonary embolism upon mortality. 

: An accurate estimate of the frequency of non-fatal 
pulmonary embolismi is even more difficult to obtain be- 
cause autopsy data are an inappropriate source and the 
clinical recognition of pulmonary embolismi is notori- 
ously inadequate.’ 28325: Since, in our experience, less 
than 10% of all autopsy-proven pulmonary emboli are 
diagnosed prior to death, an assessment of incidence is 
purely speculative. Since there is some clinicopatho- 
logic support for the premise that for every episode of 
fatal pulmonary embolism, there are two or more epi- 
sodes of non-fatal] embolism, this would place the 
estimate for non-fatal pulmonary embolism in the 
United States at approximately 300,000 per year or 
more. Hume et al.** have published an estimate of this 
order of magnitude. 

Similar difficulties exist with respect to the Clinical 
diagnosis of deep venous thrombosis. The only avail- 
able incidence data are related to clinically recognized 
cases. Hume et al.,* extrapolating from ICD-coded 
diagnoses for a segment of the liospitalized popula- 
tion in 1966, estimated about 182,000 cases per year; 
recognizing the frequent failure to code this diagnosis 
and lack of inclusion of cases from nursing homes, etc., 
this probably represents another gross underestimate 
of even clinically diagnosed episodes. Coon et al.,31 
in à longitudinal study of thé incidence of deep venous 
thrombosis in à community, extrapolated their data on 
the basis of 1970 census figures to tlie U.S. population 
as a whole and presented an estimate of 250,000 clini- 
cally recognized cases annually. 

Data from the same community health study were 
utilized to estimate the prevalence of post-phlebitic 
sequelae in the U.S. population. The approximate fre- 
quency of stasis changes in the skin of the legs was in 
the range of 6—7,000,000 persons while 400,000 to 
500,000 have or have had leg ulcers. Although a large 
extrapolation was made from data on 6389 persons to the 
entire U.S. population, these figures may be somewhat 
more accurate since one is dealing with a normal popu- 
latión sample (rather than solelv hospitalized patients), 
and stasis changes and leg ulcers are readily recog- 
nized by physical examination. These figures for the 
prevalence of post-phlebitic changes in the skin of the 
legs would represent an age-adjusted frequency in the 
U.S. adult population of about 5%, about twice the 
estimate obtained by Gjores in a study of 1453 Swedish 
adults 20 years ago.® The calculated frequency of leg 
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ulcers alone of approximately five per 1000 USS. 
adults is similar.to the estimate made by Boyd et al. 
from English data. 
Geographic and Racial Variability 

The meager information on geographic differences 
has been summarized recently.!79*49$ Accurate data 
might provide importarit leads as to a possible etiology. 
However, many reports are clinical and anecdotal. 
Three studies comparing frequency of thromboem- 
bolism at autopsy in patients age 40 and greater appear 
to provide the most reliable information. One of these 
investigations reports the prevalence of venous 
thromboembolism to be 2% in Uganda, conipared to 
24% in Caucasians and 22% in Negroes in St. Louis 
(tending to rule out an ethnic factor).' However, 
most Ugandans died from diseases thought to be asso- 
ciated with a low frequency of thromboembolism; 
heart disease was very rare, and only 11% of deaths | 
were due to cancer. The second study compared the 
prevalence of pulmonary embolism in Boston (23.8%) 
and Kyushu, Japan (0.8%); more importantly, when 
frequencies were contrasted in patients with heart 
disease, cancer or operation, the marked differences 
persisted. $* A collaborative study under the auspices 
of the World Health Organization has reported. a 
necropsy frequency of pulmonary embolism of 14% in 
Prague, 6% in Malino and 2% in Yalta.! These three 
studies, and particularly the latter, provide information 
which might indicate that something other than ethnic 
background and known risk factors is responsible for 
the differing prevalence. The possible pathogenic fac- 
tors which have been most frequently offered as an 
explanation for these differences include altered 
fibrinolytic activity, !!* diétaty elements! and varia- 
tions in degree of physical activity, even during 
serious illness. T 

When racial differences: in postoperative venous 
thrombosis detectable by labelled fibrinogen are con- 
sidered, results are confiicting. Several studies in- 
volving Asian?? and Sudanese” patients have reported 
an apparently lower frequency of thrombosis; on the 
other hand the best controlled trial, carried out in a 
South African hospital with appropriate matching for 
age, sex, weight and type of operation, showed no 
difference in prevalence of thrombosis between 
European, Bantu, "coloured" and Indian patients.® 


Annual and Seasonal Variations in Frequency 


The available data from which assumptions can be 
made on the possibility of a changing frequency of 
venous thromboembolism are derived from studies of 
autopsy-proven pulmonary embolism. Even under this 
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circumstance there are potential variations: in tech- 
nique of autopsy, increased awareness possibly leading 
to a greater diligence in search for emboli, a changing 
spectrum of primary diseases and therapeutic modali- 
ties affecting the extent of operative procedures, dura- 
tion of bed rest, etc. The reports of an apparently 
lower prevalence of fatal pulmonary embolism during 
the early decades of this century may be related to one 
or more of the above-mentioned factors. 

More recently, several investigators have presented 
figures suggesting a progressively rising frequency of 
pulmonary embolism. One study, involving Registrar- 
General’s reports from England and Wales, shows esti- 
mated crude death rates from pulmonary embolism 
rising from 15 to 19 per million in 1941-45 to 94 per 
million in 1966.5* These data, however, are based upon 
“vital statistics" ; presumably, most of the diagnoses 
of ‘cause of death" were not confirmed by autopsy. 
Morrell, Truelove, and Barr have reported a five-fold 
increase in number of patients with necropsy-docu- 
mented pulmonary embolism in Oxford between 1952 
and 1961; the actual prevalence varied between two 
and 7% in the earlier portion of the period and 8— 1046 in 
later years.??3 

To examine whether a similar apparent increase in 
prevalence was occurring in the United States Coon 
recently reported a 10 year survey of autopsied pa- 
tients with the same analytic techniques used in the 
study of a sample from the same hospital 20 years be- 
fore.? In the period between 1945 and 1955 the fre- 
quency of pulmonary embolism was 13.676 while in 
the 1964—1974 period the figure was 12.3% (not 
significantly different). However, in both periods under 
study, there was a considerable variation in annual 
prevalence (e.g., 7.4% to 15.2% in the latter period) 
which appeared to be statistically significant. 

A number of European observers have noted de- 
creases in autopsy-proven pulmonary embolism 
during wartime which they attribute to nutritional 
factors .149-163-198 Although nutrition may play a role in 
pathogenesis when frequency of pulmonary embolism 
is plotted over many decades, wide variations in fre- 
quency have been noted in peacetime as we]].!49:198 
In addition, it seems unlikely that the diiferences in 
annual prevalence in a well-fed U.S. sample?? can be 
explained by yearly differences in nutritional status. 
Apparent variations in frequency of clinically diag- 
nosed venous thromboembolism have been attributed 
to all of the common meteorologic variables: extremes 
of humidity,'®! changes in barometric pressure® and 
temperature fluctuations.? Marked quarterly dif- 
ferences in prevalence (from 3% to 23%) in two 
studies were shown to be random and not statistically 
significant.?9-? 
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: Variations Due to Methods of Diagnosis 
and to Selection 


The accuracy of data concerning incidence, preva- 
lence and rélative risk of development of venous 
thromboembolism is limited by the precision of tech- 
niques of detection and restricted to the subset of the 
population under study. This is especially true when 
statistics are derived for a geographic area since the 
predominant method of diagnosis is clinical. Numerous 
investigators have shown that the great majority of 
cases of deep venous thrombosis and pulmonary em- 
bolism are never clinically diagnosed. However, to a 
leser degree, the same limitations in diagnostic ac- 
curacy apply to other methods of detection. The fre- 
quency of recognition of pulmonary emoblism at 
autopsy is directly related to the technique used 
for detection and the care with which the necropsy is 
performed; specialized techniques or no more than 
meticulous sectioning of the lungs, has led to a 
two-fold or greater increase in prevalence.!24157 
In the United States, the necropsy performance 
of complete leg vein dissections in a search for 
thrombi is extremely rare because of the special 
consent required and the vigorous objections of 
undertakers (since this interferes with the usual 
methods for embalming). When complete leg vein dis- 
sections have been performed in other countries on a 
randomly selected general hospital population, recent 
thrombi have been detected in 50 to 60% of adults 61164 

Although a number of special procedures have been 
developed which increase the frequency of detection 
of venous thromboembolism, all have limitations (re- 
lated either to cost, accuracy or morbidity) when con- 
sidered for sequential mass screening of individuals. At 
present, perhaps the most attractive method for screen- 
ing of hospitalized patients for deep venous thrombosis 
involves the use of I'"?fibrinogen; still unsettled, 
however, is the major conceptual problem of whether 
the many thrombi confined to veins below the knee 
represent a significant clinical entity with respect to 
ultimate morbidity from embolism or postphlebitic 
sequelae. British investigators consider beiow-knee 
thrombi relatively innocuous’ and only treat those 
patients who on repetitive screening show propagation 
of thrombus to the popliteal vein or above. Two other 
techniques which could be used for mass screening, 
impedance phlebography and ultrasound, detect only 
those occlusive processes at or above the knee, but in 
most hands there appear to be more false positive.and 
false negative measurements. Similarly, perfusion 
scans of the lungs are frequently inaccurate, especially 
in the postoperative patient; repeated scanning for 
screening purposes would be unaccepta 
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point of view of radiation exposure and, although com- 
bined ventilation- perfusion scanning would be more 
accurate, the same objection applies. 

Another important consideration in the assessment 
of epidemiologic fáctors iri thromboembolism must be 
the recognition that any calculation of frequency 
or comparative risk applies only toa population com- 
parable to that from which the statistics were derived. 
Most ‘estimates of risk have been obtained from a 
hospital. population. Since the conditions and diseases 
which appear to affect the frequency of venous throm- 
boeinbolism are multiple, the selection of entirely 
suitable control groups is extremely difficult, if not 
impossible. When autopsy-proven pulmonary em- 
bolism is used as a criterion for diagnosis, a bias in 
selection of patients for necropsy must be considered. 
These and other problems of selection bias make risk 
estimates qualitative rather than quantitative. 


` Possible Risk Factors i in Venous Thromboembolism 


Although venous thrombosis and pulmonary em- 
bolisin are seen with greater frequency in association 
with certain diseases arid conditions, this association 
does not necessarily imply a pathogenetic relationship. 
The linkage may be entirely coincidental, or perhaps 
more frequently, several of the diseases or conditions 
may be. associated with a common underlying physio- 
logic abnormality which may be the more important 
causal ‘relationship. From the pathogenetic standpoint, 
most discussions of risk factors return to a classifica- 
tion based upon the Virchow-Aschoff postülates con- 
cerning the elements affecting the development of 
venous. thrombosis: 1) trauma to the vein wall; 2) a 
decrease i in rate of blood flow in veins; 3) changes in 
coagulability of the blood; -4) changes iri the corporeal 
elements of the blood. Nevertheless, a knowledge of 
those conditions which may be associated with ari 
increased risk could lead to a moré seléctive approach 
to prevention or detection of venous thromboembolic 
disease. 

Séx 

Data for sex distribution are conflicting.!* Accepting 
the fact that all vital statistics represent gross under- 
reporting, U.S, vital statistics for 1970 show a death 
rate from pulmonary embolism of 5.4 (per 100,000) 
for males and 5.0 for females.!? On the other hand, 
Hume et ‘al. * have calculated crude death rates 
in England and Wales for 1966 at 7.7 and 11.0, re- 
spectively. 

Ina 'coinmunity study of the fréquency of thrombo- 


embolic disease, the rates for incidence and prevalence 
of' deep. venous thrombosis were much higher for 
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females." The differential was particularly striking 
under age 40; venous thrombosis was recognized in 
females with as much as a ten- fold greater frequency. 
About one-half of the episodes in’ younger women 
were related to thrombosis associated with pregnancy. 

In hospitalized patients, the difference in sex distri- 
bution disappears. In our largë sample of patients 
treated with anticoagulants for venous thromboem- 
bolism, the numbers of males and females are equiva- 
lent. In addition, the percentages of males and females 
with detectable pulmonary emboli at autopsy are 
almost identical. m 

A possible explanation for these differing figures is 
that deep venous thromboses, many related to preg- 
nancy, are more frequent in young women, but few 
result in death from pulnionary embolism. Venous 
thromboembolism in a general hospital population is 
associated with many other epidemiologic factors 
which are more evenly distributed between the sexes, 
resulting in an equivalent sex incidence in this 
environment. 


Age 


` The influence of age upon the frequency of occur- 
rence of pulmonary embolism has been consistently 
observéd 'in major analyses of the problem in the 
U. S. and the British Isles. The observation of an age 
relationship i is confirmed by World Health Organiza- 
tion data encompassing Japan, Australia, Israel and 
Germany.*' In many studies the prevalence of pul- 
monaty embolism appears to increase almost linearly 
with advancing age. Others have suggested various age 
break-points for a changing frequency. Our data sup- 
port the premise that an increased frequency after 
age 30 can be chiefly attributed to the presence of 
heart disease or cancer since; if patients with these ` 
associated conditions are excluded, the prevalence 
of pulmonary embolism reaches a plateau after this 
age.”® A higher frequency of !*5]- fibrinogen-detectable 
thrombi has been reported in postoperative patients 
age 60 or over (45%) as compared to those between 
40 and 59 years of age (2496).19? 

‘Venous thromboembolism is considerably less fre- 
quent in children. The clinical prevalence of venous 
thrombosis has been estimated at 1.2 per 10,000 admis- 
sions to a children's hospital;!*? a recent suggestion has 
been made that this low figure may represent a failure 
of recognition which could be improved by utilization 
of one of the newer diagnostic measures.* The fre- 
quency of pulmonary embolism detectable at autopsy 
varies from series to series. In a sample of approxi- 
mately 2000 autópsies in children, 25 fatal pulmonary 
emboli were foünd.9 In several: other studies ‘the 
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prevalence varied from about 396 in children under 


age 10 to approximately 8% in the 10—19 year age , 


group.??33 Although "'spontaneous'" deep venous 
thrombosis (not associated with any known risk fac- 
tors) is occasionally observed in adults,*^9? it is ex- 
tremely rare in children; almost all cases of venous 
thromboembolism occur in children with infection, 
trauma, heart disease, nephrosis, malignancy, cerebral 
thrombosis or hemorrhage, or ventriculojugular 
shunts.?5.96 

Familial venous thromboembolism. Almost every 
clinician who deals with large numbers of patients 
with venous thromboembolism has encountered occa- 
sional patients with a family history (two or more 
affected family members). In single families with a 
strong history of familial venous thrombosis, sev- 
eral clotting factor abnormalities have been re- 
ported ,*7-48-9.113.143 but in the majority of cases no 
hemostatic aberration can be demonstrated. À number 
of years ago Jordan and Nandorff?? summarized 22 
familial cases from the world's literature and reported 
21 cases of their own; however, these were anecdotal 
reports from which it is impossible to separate those 
families in which superficial thrombophlebitis in vari- 
cose veins máy have been the major familial association. 

Blood groups. Mourant et al.“® have recently col- 
lated and summarized data concerning the relative 
deficiency of blood group O in subjects with venous 
thromboembolism. This association has been ex- 
pressed as the ‘‘relative incidence” or relative excess 
of group A in individuals with thromboembolic disease 
(controls by this calculation = 1.0). Summarizing data 
from multiple sources, the relative frequency of group 
A was estimated as follows: 1) women taking oral 
contraceptives who develop thromboembolism: 3.12; 
2) thromboembolism in pregnant or puerperal women: 
1.85; 3) thromboembolism in postoperative patients: 
1.23; 4) patients dying of pulmonary embolism: 1.26; 
5) mean "incidence" in combined medical and surgical 
patients with thromboembolism: 1.4. 

Jick et al. have pointed out the interesting observa- 
tions that levels of antihemophilic factor activity ap- 
pear to be higher in individuals with group A as opposed 
to group O!*?* and that patients who have group O are 
more likely to bleed from a peptic ulcer.199 

Estrogen —oral contraceptives. Although case re- 
ports concerning the development of several forms of 
vascular. disease in women receiving oral contracep- 
tives began appearing about 1961, the retrospective 
controlled investigations of Vessey and colleagues in 
England®*-173 and Sartwell et al.15° in the United States 
in the latter part of the decade convinced most physi- 
cians that a relationship did exist. While some critical 
objections regarding statistical methods have been 
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made, the mass of data which have accumulated since 
these initial studies are overwhelmingly supportive of 
the conclusion that estrogens increase the risk of 
development of venous thromboembolism. The more 
recent evidence in favor of the influence of estrogens on 
the risk of developing myocardial infarction?? and 
stroke” as well will not be discussed here. In the 
above-mentioned and subsequent British studies the 
risk of development of venous thromboembolism was 
increased about seven-fold while Sartwell et al.+° 
estimated the relative risk in a U.S. sample to be 4.4. 
The estimated increase in annual death rate in oral 
contraceptive users was also about 7-fold, averaging 
about three per 100,000 per year; the death rate was 
about twice as high in women age 35—44 when com- 
pared to women of ages 20-34. The risk remains 
constant as long as oral contraceptives are used and 
for several weeks after discontinuation.!59 

The influence of dose of estrogen is also docu- 
mented.5^!? A positive correlation has been found 
between dose and risk of venous thromboembolism. 
Vessey and Inman!” have estimated that, if the rela- 
tive risk of thromboembolism is 1.0for a woman ingest- 
ing a contraceptive containing 50 micrograms of estro- 
gen, the risk is 3.2 at a dose of 100 micrograms and 
5.9 at a dose of 150 micrograms. 

Further evidence that estrogen is the thrombogenic 
component of oral contraceptives is provided by the 
reports of a higher frequency of venous and arterial 
thromboembolism in patients receiving estrogens alone 
for the management of cardiovascular disease,?*5! 
prostatic carcinoma!” or suppression of lactation.*%*! 

In a recent comparison of estrogenic therapy of 
prostatic carcinoma, the use of diethylstilbestrol was 
associated with a significantly higher frequency of 
thromboembolic complications than that observed with 
other estrogenic compounds (chlorotrianisene and 
ethinyl estradiol?!). 

The observations regarding estrogen suppression of 
lactation are particularly impressive. Venous thrombo- 
embolism is increased about three-fold by suppression 
of lactation by diethylstilbestrol. The risk is even 
higher in low-parity women over age 25 and in women 
over 25 requiring operative delivery.!9* 

Although retrospective studies attempted to elimi- 
nate women with other predisposing factors, there is 
some evidence that the effect of oral contraceptives 
and other risk factors may be cumulative. There is a 
potentiation of risk in women of blood types A, AB and B: 
who are receiving oral contraceptives.” In women taking 
oral contraceptives during the month priór to operation 


. or other trauma, the risk of thromboembolism appears 


to be increased by four to 6-fold.99174 An increased 
frequency of *?*I-fibrinogen-detectable leg vein thrombi 
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in women taking oral contraceptives and undergoing 
operations has been reported .14*-188 These data support 
the recommendation that women scheduled for hos- 
pitalization, and particularly for operation, terminate 
oral contraceptive use three to four weeks prior to 
hospitalization; although coagulative changes take 
place within several days after initiation of oral contra- 
ceptive medication, return to normal may require 
up to three weeks after termination of use.!79 

Interestingly, some recent data indicate that the risk 
of recurrence of thromboembolism is four times greater 
in women with previous venous thrombosis not related 
to oral contraceptives (except for recurrences oc- 
curring during pregnancy or the puerperium, in which 
no difference was noted).9 

Estrogenic influence upon the pathogenesis of 
venous thrombosis may be pluricausal. Intimal prolifer- 
ative lesions have been described in both arteries and 
veins in women taking oral contraceptives and in preg- 
nant and postpartum women.9?9? An increase in per- 
meability of vascular endothelium induced by estrogen 
has also been implicated.? Both pregnancy and oral 
contraceptives significantly decrease venous tone and 
mean linear velocity of blood flow in the calf of the 
leg.5? Multiple effects upon the clotting mechanism 
have been described. The most consistent change 
noted by a number of observers is an increase in Fac- 
tors VII and X;!® others have also reported an increase 
in Factors II* and VIII,**®° a decrease in antithrombin 
HI, and concomitant increase in rate of thrombin 
generation. Plasma soluble fibrin concentration is 
increased,!96 and red cell filterability (which might lead 
to stasis in the microcirculation) is decreased.!? Blood 
platelet adhesiveness is increased.!??? These effects 
appear to be related to the effects of the estrogenic 
component of the oral contraceptive since administra- 
tion of a progestin alone produces no significant 
changes in clotting factors or platelet function. 1119139 
While women receiving low-dose oral contraceptives 
appear to have a lesser frequency of detectable throm- 
boembolism, the estrogenic effect upon clotting factor 
activity may not be dose-dependent.’ Although little 
information is available concerning increased risk of 
thromboembolism in women receiving "'natural estro- 
gens" for relief of menopausal symptoms, equine 
estrogens have been shown to increase levels of Fac- 
tors VII and X*4 and decrease antithrombin IIT.!*! 

Pregnancy and the puerperium. The relative risk of 
venous thrombosis or pulmonary embolism in women 
who are pregnant or postpartum is 5.5 times that ex- 
pected in non-pregnant, non-puerperal women who are 
not taking oral contraceptives. During the period 
1961— 1956 in England and Wales, pulmonary embolism 
ranked as the second leading cause (after abortion) of 
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maternal mortality. In a U.S. investigation of 85 
maternal deaths from vascular causes, 21 were due to 
pulmonary embolism,!?? second only to amniotic fluid 
embolism as a cause of fatal vascular accidents in 
pregnant women. 

A study of prevalence of disease in a community 
has shown that approximately one-half of all venous 
thromboembolic events occurring in women below 
age 40 were related to pregnancy or the puerperium.?! 
This was the most important factor contributing to a 
much higher frequency of thromboembolic disease in 
young women when compared to men of similar age. 
Deep venous thrombosis or pulmonary embolism was 
recognized about once in every 200 pregnancies (rate 
5.9/1000). This range of prevalence has been reported 
by others.1-405%9! Postpartum thrombosis is three to 6 
times as frequent as antepartum thrombosis.1:55:151 

Venous flow is known to decrease as pregnancy 
progresses, being slowest after engagement of the fetal 
head.’ Changes in blood coagulation during preg- 
nancy and the puerperium are similar to those seen after 
administration of oral contraceptives.!95:199 Platelet fac- 
tor 3 activity also seems to be increased.!*” These 
changes increase further during delivery and persist in 
the early postpartum period; in addition, the platelet 
count shows a pronounced rise," a possible explana- 
tion for the increased thromboembolic risk during the 
puerperium. Chromatographic measurements of 
fibrinogen-fibrin products, utilized as an index of 
hypercoagulability, show a frequency of abnormalities 
of 1596 in pregnant women in the first trimester, 3096 
in the second trimester, 4096 at 8 months and 8096 in 
the early postpartum period.!? 

Hiilsmaa found a frequency of thromboembolism in 
a Finnish hospital of 10.7/1000 after normal delivery 
but 22.1/1000 after caesarean section.” Aaro and 
Juergens report that more than one-fourth of patients 
with deep venous thrombosis after delivery have had 
some type of obstetrical complication, and one-third 
of patients have had a prior history of thromboembolic 
disease.' Documented deaths from puerperal thrombo- 
embolism appear to be in the range of one to two per 
100,000, the higher figure reported in women of age 35 
and over.!? There is some evidence to suggest that in 
recent years a real decrease in mortality from puerperal 
pulmonary embolism has occurred as a result of better 
obstetrical care.!7$ 

Obesity. Several autopsy studies have shown that 
the risk of pulmonary embolism in obese subjects is one 
and one-half to two times that observed in the non- 
Obese.?923 A similar augmentation in risk of develop- 
ment of deep venous thrombosis has been reported in 
studies utilizing 'I-fibrinogen scanning. >° The 
additive risk of obesity in the development of post- 
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operative pulmonary embolism was noted by Snell 50 

' years ago? and confirmed later by Barker st al.5 who 
noted a two-fold increase in risk of pulmonary em- 
bolism in obsese women after hysterectomy. A de- 
crease in blood fibrinolytic activity has been reported 
in obese patients.!? 

Heart disease. The relatively high frequency of deep 
venous thrombosis and pulmonary embolism in 
hospitalized patients with heart disease has been well 
documented, 2129.33,69,142,7582,1399 When the prevalence of 
pulmonary embolism at autopsy is compared between 
all patients over age 30 without heart disease or 
cancer and all patients over age 30 with heart disease, 
the frequency of pulmonary embolism is about 3% 
times as great in the subjects with heart disease.?9:33 
When risk is considered with respect to specific patho- 
logic types of heart disease, patients with all forms of 
heart disease except for hypertensive heart disease, 
and congenital heart disease in individuals under age 
10, have a significantly increased risk for development 
of pulmonary embolism. The hazard of embolism is 
even greater if atrial fibrillation or congestive heart 
failure is present.?9534»35 Although pulmonary em- 
bolism does not appear to be significantly more fre- 
quent in autopsied patients with acute myocardial 
infarction than in individuals with other forms of heart 
disease,77? a sub-class of ‘‘severely ill" patients 
with acute myocardial infarction has been shown to 
have a higher frequency of "I-fibrinogen-detectable 
leg vein thrombi than the patients with less extensive 
infarcts,79:102.15* The frequency of deep venous throm- 
bosis in non-anticoagulated patients with acute myo- 
cardial infarction is 30 to 409579:192::15 More than one- 
half of the thrombi develop within 72 hours of the 
acute infarction. H5 Advanced age, a prior history of 
thromboembolism and the presence of varicose veins 
augment the risk of development of deep venous 
thrombosis in patients with an acute myocardial 
infarct, 59:115 

While mural thrombi in the right heart have been 
thought to be a major source of pulmonary embolism in 
patients with heart disease, right mural thrombi are 
found in only 10-20% of cardiac patients who develop 
autopsy-proven pulmonary embolism ,??? an indication 
that the leg veins are the major source of emboli 
in cardiac patients as well. Another observation in 
support of this premise is that patients found to have a 
mural thrombus only in the left side of the heart have 
a prevalence of pulmonary embolism equal to that of 
subjects with right cardiac mural thrombi.*? 

One might interpret these data as suggestive that 
the critica] influences on frequency of thromboem- 
bolism in cardiac patients are severity of the heart 
disease and disturbances in cardiac rhythm which may 
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influence cardiac output, venous return or the extent 
of immobilization of the patient (which also affects 
rate of venous flow). Although many reports have at- 
tempted to incriminate a "hypercoagulability" of the 
blood as a major pathogenetic element, there is no 
definitive demonstration that the myriad coagulative 
changes which have been found have any causal rela- 
tionship to the development of the thromboses. 

Cancer. The relation between malignant neoplasms 
and venous thrombosis has been known for more than 
100 years.}7° Although unusual and extensive throm- 
botic conditions, such as migratory thrombophle- 
bitis and phlegmasia cerulea dolens,!5 have been 
described in conjunction with extensive cancer (es- 
pecially related to cancers of the pancreas,’® lung?? 
and stomach!”), the frequency of venous thrombo- 
embolism is increased in patients with many other types 
of neoplasm as well. The risk of pulmonary embolism is 
increased two-to three-fold in all patients with 
cancer.??:93j882 Apart from carcinoma of the pancreas, 
in which approximately one-third or more of patients 
who die have autopsy-proven pulmonary embolism, 
other types of cancer are also associated with a high 
embolic risk: genito-urinary neoplasms, stomach, 
lung, colon and breast; in patients with other types 
of malignant tumors, the frequency of embolism is 
considerably lower.??33 Although speculations have 
been made that the high frequency of thrombosis in 
patients with carcinoma of the pancreas is related to 
mucin production by the tumor,??!9? Lafler and Hiner- 
man! found no correlation between concentration of 
stainable mucin and the presence of thrombosis but a 
good correlation with the presence of glandular epi- 
thelium (‘‘differentiating ductal carcinoma"). 

In postoperative patients studied with labelled 
fibrinogen, the presence of carcinoma increased the 
risk of development of leg vein thrombosis about one 
and one-half fold when compared to all patients without 
cancer, regardless of other risk factors; 40.696 of 
patients with cancer developed evidence of deep leg 
vein thrombosis.*? Others have reported a three-fold 
increase in risk of postoperative thrombosis in cancer 
patients.?? The frequency of thromboembolism after 
abdominal hysterectomy is increased two and one-half 
fold if the operation is for cancer.? 

Tumor cells are not usually found in the venous 
thrombus. Numerous observations regarding altera- 
tions in blood viscosity, clotting factors and platelet 
number or function have been made ,5:16:107.109,118,120,186 
but none of these abnormalities has been shown to be 
of pathogenetic significance. The role of ancillary 
predisposing conditions (older age, prolonged bed rest, 
major operations, heart disease) may be of importance. 

Past history of venous thromboembolism. A history 
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of prior deep venous thrombosis and pulmonary em- 
bolism has been recognized for many years as a 
major epidemiologic factor influencing the develop- 
ment of further thromboembolic disease. This is es- 
pecially true when another risk factor, such as opera- 
tion, is also present. Thirty-five years ago Barker et 
al.? documented the magnitude of the risk, reporting 
that of 46 women with a prior history of thrombo- 
embolism undergoing hysterectomy, 31 developed 
postoperative pulmonary embolism, and 15 died from 
embolism. More recently, Kakkar et al.!? found a 
68.4% prevalence of leg vein thrombi in postoperative 
patients with a prior history of thromboembolism; 
Nicholaides and Irving? have reported a frequency 
of thrombosis of 61% (as compared to 26% in patients 
without a prior history). In a retrospective review, 
Turnbull discovered that a past history increased the 
risk of recurrent thromboembolism three-fold in post- 
operative gynecologic patients.!?? 

Varicose veins. Many authors have cited varicose 
veins as a risk factor in surgical patients. An element 
which has not been adequately considered is whether 
the patients with varicose veins who develop post- 
operative deep venous thrombosis or pulmonary em- 
bolism are a subcategory of individuals who have de- 
veloped varices secondary to a prior unrecognized 
deep venous occlusion.!!^ In a study of the frequency 
of venous thromboembolism post abdominal hysterec- 
tomy, patients with "peripheral vein disease” were 
defined as those having either varicose veins or a past 
history of venous thrombosis; this group had a three- 
fold increase in frequency of thromboembolic disease 
when compared to patients without known predispos- 
ing factors.? Several studies utilizing labelled fibrinogen 
have presented data supporting a two-fold increase in 
risk in all postoperative patients if varicose veins 
are present. 102.129 

Accidental trauma. Most of the important elements 
in the relationship of injury to thromboembolism were 
defined in the classic autopsy studies of Sevitt and 
Gallagher.? The estimated prevalence of fatal pul- 
monary embolism in injured patients admitted to the 
hospital appears to be about 1% and the overall fre- 
quency of both fatal and non-fatal emboli about 2%. 
Most of the instances of deep venous thrombosis are 
"silent" (without clinical signs). The frequency of 
venous thrombosis increases with advancing age and 
with duration of bed-rest. When complete leg vein dis- 
sections are performed, deep venous thrombi are found 
in from 4096 to 86% of subjects, the lower figure in 
patients with head and chest injuries and the higher in 
subjects with femoral fractures. In spite of a unilateral 
limb injury, thrombosis is usually bilateral. As Sevitt 
and Gallagher stress, and Coon has recently con- 
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firmed,” all patients with trauma, regardless of the site 
of injury or the age of the patient, are at increased risk 
of developing thromboembolic disease. The risk of pul- 
monary embolism rises from that observed in head and 
chest injuries (296—596), to burns (596—895), spinal 
fractures (14%), pelvic fractures (27%), to the highest 
frequency of 45—6096 in tibial and femoral fractures. 

Numerous investigators have provided data in sup- 
port of one or more of the above observations. Freeark 
et al." found a prevalence of venographically proven 
leg vein thrombi in 3596 of patients with various forms 
of trauma; the thrombi were frequently bilateral, and 
only one-third were detected clinically. In another 
venographic study, 4546 of patients with tibial fractures 
had deep venous thrombi; while patients under age 25 
had a 12% frequency of thrombi, the prevalence was 
in the 50 to 60% range. for several age categories 
between 25 and 75 years.” 

The fact that lower extremity injuries, and particu- 
larly femoral fractures, are the chief contributor to fatal 
pulmonary embolism after trauma has been known for 
more than 40 years.!!! The greatest attention in trauma- 
related thromboembolic disease has been devoted to 
fracture of the hip because this complication has been 
considered the most common cause of death after this 
injury.925*-23 When autopsies were conducted on 161 
of 247 patients dying after hip fractures, the cause of 
death was attributed to pulmonary embolism in 3896 of 
patients; in the remaining patients, in whom necropsy 
was not performed, only 296 were thought clinically 
to have had a pulmonary embolus.** In another 
study, 50% of all deaths after hip fracture were due 
to pulmonary embolism.? Studies with labelled 
fibrinogen has shown a frequency of deep venous 
thrombosis of over 50% in the injured limb; thrombi 
were also demonstrated in the uninjured limb in 3496.9? 
The pathogenic role of accidental trauma often cannot 
be distinguished from the superimposed influence of 
operative treatment of the injury. Data referable to 
risk of thromboembolism after orthopedic operations 
will be discussed separately. 

Several investigators have suggested that trauma per 
se may be of lesser importance as a pathogenetic agent 
than the immobilization following the injury since 
the frequency of thrombi and emboli increases with 
the duration of bed-rest;**-15*-153 the frequent bilaterality 
of leg vein thrombi also supports this premise. 

The role of direct venous trauma in the initiation of 
thrombosis is self-evident. Admonitions against ad- 
ministration of fluid in leg veins have existed in most 
hospitals for many years because of the known risk of 
induction of a superficial venous thrombus which may 
secondarily involve the deep veins. Less well recog- 
nized is the very real thrombogenic and embolic risk 


^ 


Vol. 186 e No. 2 


of central venous catheterization via the subclavian or 
jugular veins; Muller has recently reported eight 
cases of fatal pulmonary embolism from this source 
observed in a university hospital during a one-year 
period. !? l 

A lesser degree of injury is presumed to be re- 
sponsible for the so-called "'effort thrombosis” 
which follows unusual or persistent muscular activity 
or sudden muscular strain. Although recognized as a 
frequent mechanism of initiation of axillary and sub- 
clavian vein thrombosis, it has also been linked to 
the development of leg vein thrombosis.*® 

Operation. The role of operation in contributing to 
the risk of venous thromboembolism is difficult to dif- 
ferentiate from the risk contributed by the patient’s 
primary disease and associated conditions, his age, 
his preoperative immobilization in bed, etc. Although 
operation per se is probably a significant risk factor, 
the hazard of venous thrombosis and pulmonary em- 
bolism is greatly increased if other predisposing condi- 
tions are also present. Many studies utilizing labelled 
fibrinogen, usually confined to patients age 40 and 
over undergoing major operations, have shown an 
overall frequency of deep venous thrombosis of 15 to 
50% .7:78:88-102,103.128 Not all 15]-fibrinogen-detectable 
thrombi are thought to carry a high risk of embolism; 
the 10-30% of venous thrombi which originate or 
propagate into the popliteal vein or above are the 
group associated with a high risk of pulmonary em- 
bolism.!! Although some observers have proposed 
that at least one-half of the thrombi develop on the 
day of operation or within the first several postopera- 
tive days,*>” a careful evaluation of immobilized pre- 
operative patients has only recently been conducted. 
Heatley et al." evaluated a group of patients with 
gastrointestinal disease admitted to the hospital more 
than four days prior to operation and found that 62% 
of phlebographically-confirmed thrombi developed be- 
fore operation; patients with cancer and those receiving 
parenteral alimentation were particularly susceptible. 

The magnitude of the operative procedure appears to 
have a greater effect upon the frequency of both throm- 
bosis and embolism than does the site of operation 
(except for orthopedic operations, especially those in- 
volving the hip).-33-71-102.128.171 For example, the fre- 
quency of detection of leg vein thrombi with labelled 
fibrinogen is 5096 in patients after retropubic prosta- 
tectomy versus 4% after transurethral resection of t 
prostate gland, and 2496 after transabdominal gyne- 
cologic procedures as compared to 9% after vaginal 
operations.!9 Leg amputations are also associated with 
a high frequency of thromboembolism.?74% 185-19! As in 
cases of accidental trauma, the pathogenetic influence 
related to magnitude of operation may be the increase 
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in duration of immobilization in bed; autopsy-proven 
pulmonary embolism in postoperative patients in- 
creases in frequency with duration of bed-rest.* 

A cumulative increase in risk of development of 
venous thrombosis and pulmonary embolism in post- 
operative patients occurs in the presence of other risk 
factors: increasing age, obesity, varicose veins, past 
history of thromboembolism, carcinoma, cardiac 
disease, severe infection, ?25:192.229 Although estimates 
of the additional risk contributed by these other factors 
are not definitive, it appears that the hazard of throm- 
boembolism is increased by about 50% in patients 
with obesity and as much as 300% in subjects with 
cardiac disease or a past history of deep venous throm- 
bosis (with the other risk estimates falling between 
these two extremes.9:129 

Paralysis, prolonged bed-rest and other forms of 
immobility. Paralyzed patients and others who are 
totally immobilized have been of considerable epi- 
demiological interest as a natural experiment concern- 
ing the role of venous stasis in the pathogenesis of 
venous thrombosis. Warlow et al.,9* using labelled 
fibrinogen, found a 60% prevalence of thrombosis in 
the paralyzed legs of 30 patients within 10 days of the 
onset of their cerebrovascular accidents; only two pa- 
tients had venous thrombosis in both legs. Pulmonary 
embolism occurred in four patients. Others have also 
Observed an apparent increase in frequency of pul- 
monary embolism in patients with strokes.!5?? Of 30 
patients with Guillain-Barre syndrome, three had 
autopsy-proven pulmonary emboli and an additional 7 
had the clinical diagnosis of pulmonary embolism. 
An apparent increase in frequency of signs of thrombo- 
sis or evidence of postphlebitic sequelae has also been 
noted in subjects with catatonia or severe cerebral 
arteriosclerosis.® 

Acute paraplegia is associated with a high frequency 
of venous thromboembolism.33199193.86 Sixty-six in- 
stances of thromboembolic disease were detected in 
500 patients with acute paraplegia; 15 deaths from 
massive pulmonary embolism occurred between four 
and 85 days after onset of paraplegia.!*? Patients with 
chronic paraplegia are at lesser risk of developing non- 
fatal and fatal pulmonary embolism.15? 

Other forms of immobilization, such as the treat- 
ment of tetanus’ or the management of chronic 
respiratory insufficiency in an intensive care unit,'4 
have also been linked with an increased risk of pul- 
monary embolism. A recent prospective study has 
demonstrated that clinically recognized deep venous 
thrombosis is almost twice as common in patients ad- 
mitted as emergencies as compared to electively ad- 
mitted patients;?* although many factors may con- 
tribute to this difference, the degree of immobility con- 
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tributed by the acute illness may be a factor. Lesser 
degrees of confinement to bed, such as in the pre-anti- 
biotic period of management of pulmonary tuberculo- 
Sis, are not associated with a high frequency of throm- 
boembolism;?' however, when tuberculous patients are 
seriously ill, and more immobile for that reason, the 
prevalence of pulmonary embolism is as high as that 
found in a general hospital population.??:97 

When the duration of confinement to bed during a 
terminal illness is related to the prevalence of deep 
venous thrombosis and pulmonary embolism found at 
autopsy, the peak frequency of venous thromboembo- 
lism is achieved after one week of immobilization.$:5 
These observations concur with isotopic measures of 
venous flow in the leg which have shown a progressive 
decrease in rate of venous flow in bedridden medical 
and postoperative patients, the maximum decrease 
being observed after the first week of confinement to 
bed.%-195-186 Venous flow is markedly decreased in a 
paralyzed limb.195 

The role of immobility in the pathogenesis of deep 
venous thrombosis is not limited to hospitalized pa- 
tients. Recognition of the deleterious effect of transient 
but rather rigid confinement in air raid shelters sur- 
faced in the early days of World War II; the sudden 
increase in frequency of fatal pulmonary embolism 
following the restriction of elderly patients to deck 
chairs in shelters is vividly described by Simpson." 
Subsequently, Homans reported the development of 
deep venous thrombosis in individuals after long con- 
fining rides in airplanes or automobiles or prolonged 
sitting for other reasons.’ On a somewhat similar 
basis, "spontaneous" leg vein thrombosis has been 
noted in tall men,! presumably as a result of the 
awkward sitting position necessitated by furniture of 
inappropriate size. 

Hematologic problems. The hematologic diseases or 
conditions which clearly increase the risk of venous 
thromboembolism have not yet been fully defined. 
The best available data in support of an increase in 
thromboembolic risk relates to several of the myelo- 
proliferative disorders: primary thrombocythemia," 
polycythemia rubra vera?*5 and agnogenic myeloid 
metaplasia.®° Some investigators feel that a persistent 
elevation of the platelet count, including postsplenec- 
tomy thrombocytosis, is a predisposing factor to the 
development of thrombosis;" others have not found a 


correlation between postsplenectomy platelet count 


and frequency of thrombosis. One study demon- 
strated venous thromboemboli in 6 of 25 patients 
with elevated platelet counts but in none of 21 patients 
with normal platelet numbers. The sub-group of 
patients with postoperative thrombocytosis at greatest 
risk of thrombosis may be those who also show abnor- 


malities in platelet aggregation, bleeding time and 
platelet factor—3 activity, or, as Hirsh et al. have 
proposed, may be those subjects who have persistent 
postoperative anemia.” 

Thromboembolic disease is a major problem in pa- 
tients with paroxysmal nocturnal hemoglobinuria. 
Cerebral and portal venous thrombosis are more com- 
mon as a cause of death than pulmonary embolism.?* 
A number of abnormalities of blood coagulation have 
been reported, but many of these observations are 
conflicting.? 

Patients with cryofibrinogenemia are thought to have 
an increased frequency of thromboembolism, but this 
apparent relationship may be secondary to the associa- 
tion of cryofibrinogenemia with cancer or to an ac- 
companying hyperfibrinogenemia, or the cryofibrino- 
gens may develop as a result of the thrombotic 
process.1*9 

Ulcerative colitis. A significantly higher frequency 
of venous thromboembolism has been found in pa- 
tients with chronic ulcerative colitis studied at 
autopsy.?96 The increase in risk appears to be two to 
three-fold. Medically treated patients may be at 
greater risk than surgically treated patients.99 An in- 
creased prevalence in women has been noted by several 
observers.*?6» Conflicting reports complicate interpre- 
tation of the significance of possible coagulative ab- 
normalities in this disease; an increase in factor 
VIII and in fibrinogen concentration has been noted, 
but such changes are not unexpected in patients with 
chronic inflammatory conditions. 

Other conditions. Many other diseases and condi- 
tions have been proposed to be predisposing to venous 
thromboembolic disease. In many instances the asso- 
ciation has been poorly documented; in others, the 
disease in question is accompanied by a high fre- 
quency of other weli-recognized risk factors (heart 
disease, prolonged immobilization, etc.). 

Diabetes mellitus is frequently cited. A frequency of 
pulmonary embolism of 2076 was found in 349 diabetics 
age 30 and older examined at necropsy;?? however, of 
the 71 patients with pulmonary embolism, 52 had asso- 
ciated heart disease and another 12 had other risk fac- 
tors (cancer, recent leg amputation, cerebrovascular 
accidents, etc.). 

Certain forms of infection have also been incrimi- 
nated. An almost two-fold increase in "?5I-fibrinogen- 
detectable leg vein thrombi was found in surgical pa- 
tients who developed postoperative infection;?? al- 
though the difference appears to be significant, whether 
the infection per se or the added immobilization is 
the important element is difficult to define. Venous 
thromboembolism is a common and well-recognized 
complication of gram-negative septicemia;? this asso- 
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ciation is not unexpected in a condition known to be 


linked with a hypercoagulable state and intravascular 


coagulation. Subclinical endotoxemia may also be ac- 
companied by a higher frequency of venous thrombosis 
and a more extensive thrombotic process; Fossard et 
al.5 found that 29% of postoperative patients with a 
positive Limulus assay developed leg vein thrombi as 
compared to a 19% incidence in a control group; half 
of the thrombi associated with endotoxemia were 
"major" (above the knee). 

A recent report has described 7 of 19 consecutive 
patients with Cushing’s syndrome who developed 
thromboembolic complications before or after adre- 
nalectomy.!5 

A high frequency of venous thrombosis has been 
linked with homocystinuria, an inborn error of metabo- 
lism.? An increased platelet ''stickiness" has been 
demonstrated in these patients; normal platelets de- 
velop similar properties when incubated with homo- 
cystine in vitro.’ In addition, homocystine is able to 
activate factor XII in an in vitro system.” 

Another rare condition, Behcet's syndrome (aph- 
thous stomatitis, uveitis, and genital ulceration) is also 
frequently accompanied by the presence of both super- 
ficial and deep venous thrombosis.97:144 

Many other diseases and conditions have been pro- 
posed as risk factors: nutritional factors, alcohol, 
smoking, arthritis, chronic pulmonary disease, hyper- 
lipidemia. Certain drugs other than oral contraceptives 
and estrogens have also been implicated, particularly 
adrenocorticosteroids, epsilon aminocaprcic acid and 
several antibiotics. The data currently available are too 
conflicting and inconclusive to warrant their inclusion 
in this discussion. 


Discussion 


The current available information concerning the 
epidemiology of venous thromboembolism should be 
assessed with the recognition that it may be inaccurate, 
erroneous, or subject to misinterpretation. Many of 
the reports which have been cited are anecdotal. Most 
have not compared the frequency of a risk factor in 
patients with venous thromboembolism to its fre- 
quency in the total population from which the cases of 
venous thromboembolism were derived. Almost all of 
the data have been obtained from highly selected 
groups of patients. Diagnoses are based upon method- 
ologies with varying levels of sensitivity and specificity. 
The risk of development of deep venous thrombosis 
in patients with a particular disease or condition may 
not be, and probably is not, synonymous with the risk 
of development of pulmonary embolism. Since so many 
possible risk factors have been proposed, the inter- 
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relationships, possible dependent variables, and likeli- 
hood of cumulative effects make estimates of risk ratios 
somewhat inaccurate. 

Whenever so many elements thought to affect the 
frequency of development of venous thromboembolism 
exist, a justifiable presumption is that the true patho- 
genesis of the disease has remained undetected. An 
association does not necessarily mean causation. 
This discussion has attempted to point out the com- 
monality of the Virchow-Aschoff postulates in the great 
majority of these proposed diseases and conditions. 
As one reviews the various proposed predisposing 
conditions, one or another of these factors is present. 
Perhaps the most frequent and best-documented asso- 
ciation is with venous stasis. Advancing age and in- 
creased periods of immobilization appear to be of criti- 
cal importance. As age increases, the soleal veins in- 
crease in number, size and tortuosity while calf muscle 
mass decreases, both contributing to a decrease in rate 
of venous return from the lower extremities. De- 
creased muscular activity and the antigravitational 
direction of flow in the soleal venous plexus in the 
recumbent position result in a further decrement in 
venous flow. 

However, as Wessler has shown in experimental 
venous thrombosis,®’ stasis alone may not be sufficient 
for thrombus formation. In a given circumstance, 
the additional initiating factor may be direct venous 
trauma or endothelial injury produced by hypoxia; in 
other situations, a change in blood coagulability may 
contribute. If hypercoagulability of the blood is influen- 
tial in thrombus development, the alterations in coagu- 
lation may be confined to the area of venous stasis and 
not be detectible in the systemic circulation. In spite 
of thousands of published papers on systemic changes 
in clotting factors as possible predictive tests for 
venous thrombosis, no definitive evidence has yet been 
presented. Measurement of levels of antithrombin ITI, 
which is probably identical to heparin cofactor and 
activated factor X inhibitor, is of greatest current 
interest; these studies have practical implications be- 
cause the probable mechanism of action of low-dose 
heparin is through an increase in the rate at which 
antithrombin III combines with activated factor X.1® 

Although considerable skepticism is justified with 
respect to the role of epidemiological studies in further 
defining etiology or pathogenesis of venous thrombo- 
embolism, such investigations are of practical value in 
prediction of which patients are most likely to develop 
disability or to die from the sequelae of deep venous 
thrombosis. Epidemiologic data can be utilized to de- 
fine ‘‘high-risk’’ groups of subjects most likely to bene- 
fit from specific prophylactic measures. The difficult 
and as yet unsolved problem is the determination of 
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the magnitude of the increase in risk produced by any 
given disease or condition and the possible cumulative 
effect upon risk when more than one risk factor is pres- 
ent. Currently, the individual physician must make this 
decision based upon the insufficient data which are now 
available. The more important risk factors which 
should be seriously considered in hospitalized patients 
are briefly listed in summary below; in many instances 
a cumulative increase in risk may be present when 
more than one risk factor is identified: 1) Past history 
of venous thromboembolism or physical signs of 
venous insufficiency. 2) Advancing age, when accom- 
panied by immobilization for one week or longer. 3) 
Obesity (greater than 20% over ideal weight). 4) 
Acute paralysis or other conditions resulting in lack 
of usual mobility. 5) Heart disease. Risk is increased 
with severity of the heart disease and, particularly, 
in the presence of cardiac arrhythmia or congestive 
heart failure. 6) Cancer of lung, gastrointestinal and 
genitourinary tracts and, perhaps, of the breast. 7) 
Major operations, especially operations involving the 
lower one-half of the body, including intra-abdominal 
pelvic procedures and other operations resulting in 
extended periods of immobilization. 8) Postpartum 
patients with other risk factors, including estrogen 
suppression of lactation. 9) Women receiving oral con- 
traceptives who are hospitalized and have other risk 
factors, particularly those scheduled for operation. 
10) Accidental trauma to lower extremities, spine and 
pelvis. 11) Ulcerative colitis and (probably) Crohn’s 
disease. 12) Infections with gram-negative organisms 
(possibly). 

If a decision is made that a potential increase in 
risk warrants further measures, several alternatives are 
available. All patients at increased risk can be followed 
by one or more "screening" procedures thought to 
have greater sensitivity than clinical examination in the 
detection of venous thrombosis (e.g., 1I-fibrinogen 
scanning, impedance phlebography, Doppler ultra- 
sound examination, etc.). The validity of this approach 
to early detection of thrombosis depends upon the 
clinical acceptability of the test procedure, which 
should be proven to be simple, accurate and cost- 
effective. The other choices involve the utilization of a 
form of effective drug prophylaxis. At the present time, 
the measures proven to be of some value include 
conventional heparin or oral anticoagulant therapy, 
intravenous dextran, "low dose" heparin and, per- 
haps, under certain circumstances, intermittent 
mechanical compression or stimulation of the calf 
muscles. The choice of drug regimen depends upon 
physician preference and experience and a judgment 
concerning relative effectiveness in a given clinical 
situation, balanced against the risk of bleeding and 
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other complications of therapy. Currently, a popular 
preventive measure for most surgical patients is low- 
dose heparin which, in a recent multicenter trial, has 
been shown to be both relatively safe and effective. 

This review of information. concerning the epi- 
demiology of venous thromboembolism is pre- 
sented to provide an awareness of the magnitude 
of the problem and to provide data which the 
individual physician may utilize to be selective in 
his approach to prevention of this complication 
by restricting his efforts at early detection or pre- 
vention to those patients at greatest risk of 
morbidity or mortality. 
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Postoperative Nutritional Support Using Needle 
Catheter Feeding Jejunostomy 


HARRY M. DELANY, M. D., F.A. C.S., NINO CARNEVALE, M.D., F.A.C.S., JULIUS W. GARVEY, M.D., F.R.C.S.(C), 


Needle catheter jejunostomy was used as an adjunctive 
surgical procedure in 110 patients. In 19 patients (or 17%) 
the jejunostomy was of valué for the administration of post- 
operative nutritional support using an elemental diet and it 
may serve as an alternative route for the administration of 
supplementing fluids and electrolytes if intestinal function is 
infact. The clinical experience with the catheter jejunostomy 
establishes it as a satisfactory technique for postoperative 
nutritional support in patients requiring esophageal and 
proximal gastric resection and repair, and gastric surgery in 
the elderly and debilitated. It is also useful in patients under- 
going complicated biliary, pancreatic, and duodenal surgery 
in whom anastomotic difficulties are anticipated. 


ASTROSTOMY, gastroduodenal intubation and je- 
G junostomy for nutrient and electrolyte infusion 
are familiar, but underutilized techniques. Current 
reports attest to the continuing value of tube enteral 
feeding in the nutritional support of Surecal pa- 
tients. 2,10,11,18 

The survival of the nutritionally depleted surgical 
patient may depend on the timing and extent of 
postoperative nutritional support. The caloric require- 
ments for convalescent surgical patients will also vary 
with the magnitude of the surgical procedure and the 
superimposed demands of’ postoperative complica- 
tions. Studies by Lawson and others have described 
the extent of protein depletion associated with vari- 
ous surgical procedures and posttraumatic states.!? 
The effects of surgery and trauma are commonly 
underestimated, especially in terms of cumulative 
protein deficiency. 

The intact small intestinal mucosa of the post- 
operative patient can provide for the absorption of suf- 
ficient water, electrolytes and nutrient solutions to sup- 
port the daily requirements in the early phase of 
recovery. The complications, expense and manpower de- 
mands of intravenous hyperalimentation and prolonged 
intravenous infusion can be avoided if the need for nu- 
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tritional support is anticipated. The tube or catheter 
jejunostomy can provide nutritional support and may 
also serve as an alternative to the prolonged use of 
intravenous therapy. The present report describes our 
experience with the use óf needle catheter jejunostomy 
as a prophylactic surgical measure. The technique for 
this simplified jejunostomy was first described in 19739 

The benefits and complications of this procedure are 
presented in this study. a 


Method 


A series of patients who had elective or emergency 
thoracic and abdominal operations at Montefiore Hos- 
pital and Medical Center and Morrisania City Hospital 
had a needle catheter jejunostomy performed at the 
completion of the operative procedure. The patients 
were selected for the use of this prophylactic measure 
when complicated esophagogastric, duodenal, pan- 
creatic or biliary tract surgery was performed or the 
debility, the mental or the neurologic state of the pa- 
tient suggested that postoperative feeding problems 
might ensue. 

The technique for insertion of the jejunostomy is as 
follows: A 2 3/4 inch No. 14 gange needle of the type 
commonly available for subclavian vein catheterization 
is introduced into the jejunal wall on the antimesenteric 
border at approximately four inches from the ligament 
of Treitz. In patients requiring gastric surgery, the ne- 
edle was inserted at an equivalent distancé from the 
anastomosis in the efferent jejunal loop. The needle is 
inserted for its full length in the stretched wall of the 
jejunum in the seromuscular layer. The relatively 
avascular seromuscular plane is easily penetrated by 
the sharp needle and the metallic surface of the needle 
is readily visualized through the jejunal wall with the 
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TABLE 1. Nutrient, Electrolyte and Vitamin Content (80 g Elemental Diet) 


Cations mg/80 g Anions 
Sodium 231.3 ° Chloride 
Potassium 210.5 Phosphate (as P) 
Calcitim 80.0 Acetate 
Magnesium 35.0 Sulfate (as S) 
Manganese 0.281 Iodide 
Iron . 1.06 Sorbate 
Copper 0.194 
Zinc 1.25 

Nutrients 


2.0 g Protein nitrogen 
63.1g Carbohydrate s 
0.261 g Fat 








mg/80 g Vitamins 
557.3 Vitamin A, Int Units 5000 
80.0 Vitamin Bye, mcg 5 
3.74 Vitamin C, mg 70 
1.15 Vitamin D,, Int Units 400 
0.0144 Vitamin E, Int. Units 30 
89.2 d-Biotin, mg 0.2 
d-Calcium 
` pantothenate, mg 10 ' 
Choline bitartrate, mg 154 
Folic acid, mg 0.1 
Inositol, mg 116.5 
Niacinamide, mg 13.3 
Pyridoxine, HCI, mg 20 
Riboflavin, mg 1.20 
Thiamine HCI, mg 1.2 
Vitamin K, mcg 67 





bevel upward. The needle is then pushed into the lu- 
men. Án 18 inch, No. 16 gauge polyvinyl catheter i is 
passed through the needle and can be palpated distal to 
the needle, free in the lümen of thé jejunum. The cath- 
eter is advanced four. to 6 inches in. the lumen of the 
jejununi. The needle is then removed, leaving approxi- 
mately 214 inches of the catheter length ih the sero- 
muscular lay er and tlie remainder of thé densi in the 
lumen. 

The intramural tunnel that i is resin’ M the j jejunós- 
tomy guide needle acts as a flap valve to close off im- 
mediately’ after removal of the catheter. An 18-inch 
polyvinyl catheter is preferable to the 12 inch cathéter 
described in the original report because the long cathe- 
ter is less likely to become dislodgéd. The cathetér is 
firmly secured in place in the jejunum with a purse- 
string No. 2-0 chromic suture which is tightened until 
the catheter can no longer move freely in the jejunal 
wall. The catheter i is passed through the abdominal wall 
by. inserting the needle into the abdomen from the skin 
surface. The catheter is then passed out through the 
needie and attached by a single stitch to the skin. The 
jejunum is tacked to the ánterior parietal peritóneum at 

the site of exit of the catheter. The entire proceduré 
requires léss than five minutes to perform and adds very 
little timé or trauma toà surgical procedure. 


TABLE 2. Feeding Rate and Concentration for Postoperative 


Jejunal Elemental Diet 
Volume Elemental Protein: Carbohy- 
of H,O _ Diet Nitrogen drates 
Day (cc) (g) Calories (g) (g) 

1 2000 160 * 600 4 1262 
2 2000 320 1200 8 252.4 
3 3000 480 1800 12 378.6 
4 3000 720 2700 18 567.9 
5 3000 800 3000 20 631.0 


Gastrografin should be injected into the jejunostomy 
catheter before beginning the postoperative infusion of 
nutrient solutions: In this way the position of the cath- : 
eter in the bowel lumen càn be established. This pre- 
caution will provide assurance that an intraperitoneal 
infusion will not occur. 

-A high protein elemental diet was used as the nutrient 
infusion fluid (Tablé 1). The nutrient infusions were 
initiated after five to 6 days of intravenous and intra- 
jejunal electrolyte infusion or earlier if it was evident 
that nutritional support was necessary. The patients re- 
quiring nutritional support were started on a progres- 
sively increasing concentration of elemental diet dis- 
solved in water and the amounts and concentration of 
jejunal feeding was adjusted depending on the patient’s 
resporise (Table 2). A relatively constant rate of nu- 
trient infusion was important to prevent abdominal dis- 
tention and to assure that satisfactory volumes of jejunal 
feeding were administered. Some variation in the in- 
fusion rate occurred as the patient moved about and ' 
changed position. However, despite these problems, 
most of the infusions were successfully given by gravity 
drip. In two patients, the infusion rate was control- 
led by a portable roller- pump. If the patients had two 
or more diarthéa stools whilé receiving the infusion, 
intrajejunal diphenoxylate hydrochloride 2.5 mg and 
atropine suflate .025 mg were given three times a day. 
The nutrient infusion was coiitinued until the patients 
were able to tolerate oral alimentation or until the pa- 
tient demonstrated the ability and willingness to ingest 
satisfactory amounts of food. In two patients, both 
intravenous alimentation and intrajejunal nutrient 
infusions were given for a short period of time betw een 
the pre- and postoperative period of management. The 
electrolyte balance and urine output of the patients 
were maintained within normal limits. 
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One hundred and fifteen patients had needle catheter 
jejunostomy performed. Ninetéen patients (17%) re- 
quired postoperative nutrient feeding using the jejunos- 
tomy. The remaining 94 patients did not encounter 
feeding problems and had the catheter jejunostomy re- 
moved after 5-14 days. Fifty per cent of the pa- 
tients received varying proportions of their daily fluid 
and electrolyte infusions by the intrajejunal route. All 
of the patients receiving. feedings for one week or more 
were able to tolerate 1800 to 2700 calories. ^. 

A tabulation of the patients requiring nutritional sup- 
port according to the operation performed is presented 

‘in Table 3. Five of the 6 patierits undergoing resection 
orrepair of the esophagus or proximal stomach required 
postoperative nutritional support via the jejunal cathe- 
ter. There were 52 patients who underwent distal 
gastric resection, gastroenterostomy or pyloroplasty. 
Only 6 required postoperative nutritional support. Two 
patietits of the 8 who had biliary tract surgery and 
three of the 22 patients sustaining penetrating trauma 
to the liver, stomach or duodenum required nutritional 
support. Nutrient jejunal infusion was used following 
surgery of the pancreas in three out of 17 pa- 
tients. there was one mortality in this group and one 
mortality in a patient with multiple injuries including 
the pancreas. One mortality occurred in the gastric sur- 
gery group. Pancreaticoduodenectomy was performed 
in three patients but jejunal alirientation was not re- 
quired. FLA 

A méchanical or furictional upper gastrointestinal ob- 
struction was the indication in 8 of the nineteen patients 
who required nutritional support.: Three’ patients re- 
fused to eat because of debility, psychological or neuro- 
logical impairment. The presence of an enterocutane- 
ous fistula in four patients and a low volume oral i in- 
take in four patients necessitated the üse of jejunal 
feedings (Table 4). 

The duration of jejunal nutrient feedings varied from 
6 to 55 days. Ten patients received nutrients for two 
weeks or less. Nine patients had a duration of feed- 
ing that spread over the remaining period up to 55 
days. However, the patient with 55 days received nu- 
trient feedings after his first operation and after his 
second fistula closing operation. 

In the three cases, the jejunal catheter became dis- 
lodged from the bowel, resulting in infusion of ele- 
mental diet into the peritoneal cavity in one case. In- 
cision and drainage in the left upper quadrant removed 
the fluid from the peritoneal cavity. In the other two 
cases, sterile electrolyte infusioris were administered 
with no untoward effect. In.one case, the catheter be- 
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TABLE 3. Surgical Category all Patients 
Patients 
Receiving 
. Nutritional 
Surgical Procedures Total Cases Support 


Esophageal, proximal & total 

gastric resection & repair 6 5 
Distal gastric resection, gastro- 

énterostomy, pyloroplasty, 

vagotomy : 52 6 
Secondary & complicated 

common bile duct repair 


choledochoduodenostomy 8 2 
Penetrating trauma to liver, 

stomach, duodenum 32 3 
Pancreatic trauma, resection 

and drainage : 17 3 

Total 115 19 





came loose from its external adapter and slipped back 
into the peritoneal cavity. Surgical removal was re- 
quired. In the three cases the catheter was secured 
to the bowel wall but the bowel was not sutured to 
the parietal peritoneum. The catheter did not dislodge 
in the patients that had the bowel sutured to the ab- 
dominal wall or when long catheters were used. 

There were no small bowel fistulas or evidence of 
leakage of bowel contents after routine postoperative 
removal of the catheter. Several catheters not utilized 
for nutritional support were reinoved as early as the 
fourth or fifth postoperative day. Intestinal obstruction 
by adhesion formation at the j jejunum catheter site did 
not occür. 

Diarrhea and mild abdoriiinal distention were the 
most frequent early reactions to the jejunal infusions. 
The diarrhea responded to diphenoxylate and atropine 
sulfate and the abdominal distention responded readily 
to simply limiting the rate and concentration of the 
jejunal infusion. In two patients, hyperglycemia devel- 
oped during the infusion: The complication was man- 
aged by the use of insulin and by the reduction in 
the carbohydrate content of the jejunal infusion. In a 
diabetic patient with pancreatic inflammatory changes; 
the jejurial feeding was changed from an elemental diet 
to whole liquid feeding diet containing fat. This change 
quickly reduced the high carbohyrate content and 
osmolarity of the feeding but maintained the caloric 


7 value. 


Case Reports 


Case 1: A 50 year old male was admitted to the Morrisania City 
Hospital complaining of severe retrosternal chest pain with a burning 
sensation in his mouth. Twelve hours prior to admission, the pa- 
tient inadvertently ingested lye and did not seek immediate medical 
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Patient 


H, 


O, 
S, 


Age 
50 


74 


42 


68 


30 


23 


57 


36 


24 


25 


Diagnosis 
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TABLE 4. Patients Receiving Jejunal Nutrient Feeding 


Operation 





Esophageal and 
gastric stric- 
ture, lye burns 

Ca of esophagus 

Malignant carci- 
noid proximal 
stomach 

Ca of esophagus 

Ca of esophagus 


Zollinger Ellison 
syndrome 


Ca of stomach 


Perforated 
gastric ulcer 


Perforated 
gastric ulcer 


Perforated Ca 
stomach;. sub- 
hepatic abscess 


Retained CBD 
stones 


Choledocholithi- 
asis; pancre- 
atitis 


Ca of pancreas; 
gastric outlet 
obstruction 


Blunt abd. 
trauma, contu- 
sion of pan- 
creas and 
spleen 


Stabwound liver; 
duodenum and 
inferior vena 
cava 


m" 


. Stabwound 
spleen, stom- 
ach, pan- 
creas 

2. UGI bleed, 

evisceration 


Blunt injury 
transection 
pancreas 


Multiple lacera- 
tions; duode- 
num, gall blad- 
der, vena cava 


Acute hemor- 
rhagic pan- 
creatitis 


Esophagectomy; colonic re- 
placeraent; gastrojejunos- 
tomy; ileocolostomy 


Esophagogastrectomy 
Esophagogastrectomy 


Esophagogastrectomy 
Esophagogastrectomy 
Total gastrectomy ` 


Radical subtotal gastrectomy 
Subtotal gastrectomy 


Hemigastrectomy 


Hemigastrectomy; drainage 
of subhepatic abscess 


Secondary CBD exploration 
and secondary choleduo- 
denostomy; gastrostomy 


Choledocholithotomy; duo- 
denotomy; sphinctero- 
plasty; choledochoduo- 
denostomy; gastrostomy; 


Roux-Y repair; duodenal 
fistulz; right colon resection 


Gastrojejunostomy — 


Hemipancreatectomy; 
splenectomy; gastrostomy 


Repair laceration of liver, 
duodenum and vena cava 


1. Splenectomy; repair 
storrach gastrostomy 
2. Repair evisceration 
3. Ligation 
Bleeding gastric ulcer 


Ligation bleeding pancreas, 
drainage i . 


Repair multiple lacerations; 
duodenum and vena cava; 
cholecystectomy 

hy 


Marsupialization of paricreas 
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tion; pancreatitis 








Indication for Nutrient No. Days Jejunostomy 
Infusion Infusion Feeding Outcome 
Gastro-jejunostomy 40 Distention 4—5 Excellent 
Obstruction days 
i i Hyperglycemia 
Low volume ora] intake 19 Diarrhea Excellent 
Refusal to eat 6 None Excellent 
Anastomotic leak 30 None Good 
Low intake debility 6 None Excellent 
Low volume intake 8 None Excellent 
debility 
Low oral intake 8 None Excellent 
Disoriented, uncoop- 17 None Good 
erative 
Supplementary intake 10 None Good 
Confusion; poor oral in- 14 Diarrhea Expired 
take, anastomotic i 
disfunction 
Choledochoduodenal l Distension Excellent 
cutaneous fistula 
Duodenocutaneous 35 
fistula 
Duodenojejunocutane- 20 Moderate hyper- — Excellent 
ous fistula glycemia 
Stomal obstruction 8 None Excellent 
Intolerance to oral 19 None Excellent 
alimentation; pancre- 
atitis 
Duodenal repair 9 None Excellent — 
Pancreatitis 
Pancreatitis; gastros- 14 Hyperosmolar- Expired 
tomy fistula ity 
Hyperglycemia 
Gastric outlet obstruc- 9 None Expired: 
` tion; pancreatitis pulmo- 
nary in- 
suffi- 
ciency 
Major duodenal injury 4 Extraluminal in- Mortality 
traperitoneal 
elemental diet 
infusion 
Gastric outlet obstrüc- 10 Distension Excellent 
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attention. The physical examination revealed extensive edema of 
the tongue and pharynx. The patient had daily vomiting for one 
week following admission to the hospital. The vomiting increased 
in frequency and three weeks after admission, an esophagram and 
upper gastrointestinal series demonstrated a stricture of the esopha- 
gus and incomplete obstruction of the distal stomach and proximal 
duodenum, Five weeks following admission the patient’s weight was 
163 pounds. He was given preoperative intravenous hyperalimenta- 
tion. A right colon interposition bypass of the thoracic esophagus, 
esophagectomy, gastrostomy for decompression, gastrojejunostomy 
and needle catheter jejunostomy was performed. One week later 
the pathological finding was extensive cicatricial narrowing of the 
distal stomach. On the fifth postoperative day after a total of 12 
days of intravenous hyperalimentation, the patient had spiking 
temperatures and the intravenous hyperalimentation was discon- 
tinued. The jejunostomy feedings were then started. The gastro- 
jejunostomy initially did not function and continued gastric de- 
compression by the gastrostomy was required. During this time the 

. patient was fed elemental diet through the jejunostomy by gravity 
drip. The gastric drainage fluid was returned by the same tech- 
nique. When the jejunostomy feeding was started the patient's weight 
was 153 pounds. The patient was initially started on 80 gm elemental 
diet per liter of infusion fluid and by the fifth day was receiving one 
calorie per ml of jejunostomy infusion with a total intake between 
2500 to 3000 ml per day. The jejunal diet was well tolerated, and 
the patient had two to three semi-solid bowel movements per day. At 
five weeks following operation, the patient's weight was 163 pounds 
and he was able to take a full oral diet. Intrajejunal feeding was 
discontinued. 

Case 2: A 52 year old male developed a lateral duodenal fistula 
following a duodenotomy and choledochoduodenostomy for an im- 
pacted common bile duct stone. During surgery the patient had an 
inadvertent posterior tear of the common bile duct. A gastrostomy 
provided decompression and drainage of the gastric contents. A 
catheter jejunostomy was inserted. The patient's postoperative fluid 
and nutrient needs were managed using the catheter jejunostomy and 
fistula fluid was reinfused alternately with the elemental diet. Some of 
the gastric drainage was returned as well. Thirty-five days following 
the initial surgery, a repair of the lateral duodenal fistula was per- 
formed using a Roux-en-Y jejunal loop. Postoperatively, there was 
a small amount of drainage from the repaired fistula but spontaneous 
closure of the fistula occurred following continued jejunal feeding 
support for an additional 20 days. 

Case 3: A 30 year old male was admitted to the hospital because of 
blunt abdominal trauma and complaints of abdominal pain, left 
shoulder pain and vomiting. The physical examination revealed 
diffuse abdominal guarding, rebound tenderness and hypoactive 
bowel sounds. Except for a serum amylase of 400 dye units/ 100 ml, 
laboratory tests were within normal limits. An abdominal 
paracentesis revealed gross blood. A laparotomy was performed and 
a complete transection of the pancreas was found. A splenectomy, 
distal pancreatectomy, gastrostomy, and needle catheter jejunostomy 
were performed. On the first postoperative day, the patient's serum 
amylase level was 263 dye units/100 ml. On the fifth postoperative 
day, jejunal nutrient feedings were begun. However, on the eighth 
postoperative day, the serum amylase rose to 504 dve units/100 ml. 
Because of the rising serum amylase content and abdominal 
discomfort and pain, the jejunal feedings were discontinued. On the 
tenth postoperative day, the patient developed an abdominal mass 
with epigastric tenderness and pain. By the 15th postoperative day, 
the serum amylase had fallen to normal levels and the elemental diet 
jejunal infusion was resumed and progressively increased in 
concentration. The palpable abdominal mass became much smaller 
and a gradual fall in serum and urine amylase levels occurred over the 
subsequent two week period. The patient was then started on a liquid 
diet with the serum amylase of 247 dye units/100ml. 
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Discussion 


Fistulas, major infections, pancreatitis, and burns 
are complicated prolonged disorders that require con- 
tinued attention to nutritional support.?:::21 The pro- 
tein sparing and antiketotoc effects of standard in- 
travenous infusions of 400 to 600 calories in the form : 
of glucose have been shown to be nutritionally 
inadequate in the long term management of surgical 
patients of this type. The intravenous and enteral feed- 
ing requirements necessary to achieve early positive 
nitrogen balance in the routine postoperative patients 
have been studied by several investigators. It is evident 
that early positive nitrogen balance can be achieved by 
either intravenous hyperalimentation or by enteral 
feeding if a sufficient concentration and an appropri- 
ate proportion of protein nitrogen and calories are ad- 
ministered.!^!3 Aggressive early nutritional support 
becomes necessary when the surgical patient has a 
preoperative nutritional deficiency or when postopera- 
tive events indicate an added high caloric expenditure. 
Many elderly patients with malignant esophago- 
gastric and pancreatic disorders are in this category. 

The selection of elemental diet for jejunal feeding in 
this series of patients was based on its convenient form 
and the advantages that have been demonstrated in 
patients with short bowel syndrome, small bowel fistula 
and conditions effecting small bowel absorption.?:!9:17 
The decreased pancreatic stimulation by micronutrients 
offers an additional advantage in the postoperative 
setting. +1821 

The elemental or micronutrient diets contain a rela- 
tively high carbohydrate content and osmolarity. For 
this reason, they are probably not the appropriate prep- 
aration for jejunal feeding in all cases. The post- 
operative patient’s tolerance for a full balanced diet 
jejunal feeding containing fat and whole protein would 
depend on whether or not the patient had a functionally 
intact pancreas and biliary system. Some postopera- 
tive patients will have pancreatitis, biliary tract and 
gastroduodenal dysfunction as a complication of 
surgery. The inflammatory disorders of the pancreas 
commonly produce gastric atonia and prolonged dif- 
ficulty with alimentation. The ingestion of food may 
exacerbate pancreatitis by gastric and duodenal stimu- 
lation of pancreatic function and therefore gastric 
and duodenal activity should be minimized.’ The 
composition of nutrient jejunal feedings is important 
in the management of patients with duodenal and pan- 
creatic fistulas because it directly influences the 
amount and content of duodenal drainage and pan- 
creatic secretions. An overall reduction in duodenal 
and pancreatic function would benefit patients with 
pancreatic trauma, duodenal injuries and fistulas. 

The effect of jejunal amino acid feeding on pancreatic 
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secretion has been studied. The experimental studies 
of Wolfe et al. and the clinical studies of Go have 
shown that amino acid infusion into the duodenum 
acts as a direct stimulus to pancreatic exocrine 
function. The effects of jejunal amino acids on pan- 
creatic function is less certain.” Ertan et al. reported 
stimulation of the pancreas by mixed amino acids given 
by jejunal perfusion. The stimulus was reported to be 
as effective as continuous intravenous cholecystokinin- 
pancreozymin infusion.’ The experimental studies by 
Ragan relate pancreatic stimulation from jejunal amino 
acid infusion to the pH of the fluid administered.‘ 
Cassim et al. compared the effect on pancreatic enzyme 
secretion in dogs taking a blenderized regular diet com- 
pared to an elemental diet. He found the elemental diet 
stimulated bicarbonate and volume of pancreatic secre- 
tion but there was a much lower protein content than 
when blenderized diet was used.* This result suggests 
that jejunal elemental diet has an advantage over whole 
diet feeding in patients with pancreatitis. Although 
the extract effect of various diet formula introduced 
into the jejunum need further clinical study, it is clear 
that the presence of an enteral route for nutrient sup- 
port can be a valuable aide in the management of 
postoperative patients with pancreatic and gastro- 
duodenal disorders. The stomach and duodenum are 
bypassed by the jejunostomy and the content of the 
jejunal feeding can be exactly controlled. 

The presence of the catheter jejunostomy made it 
possible to feed patients that were not eating ade- 
quately or were prevented from eating by surgical 
complications. The supplementation of the patient's 
oral intake was of special value in the management 
of the esophageal and gastric surgical cases after re- 
section for malignancies. Gastric outlet obstruction 
following gastrojejunostomy and functional obstruc- 
tion produced by pancreatitis requires the use of 
jejunal feeding if oral intake is delayed more than five 
to 7 days. The development of an upper gastrointestinal 
cutaneous fistula is a devastating complication and 
probably represents the clearest indication for tube 
jejunal feedings. Patients with this surgical complica- 
tion usually require parenteral hyperalimentation if 
an enteral route is not available. 

The experience at the Montefiore Hospital and Medi- 
cal Center and Montefiore-Morrisania Affiliate has led 
to an increasing use of the needle catheter jejunostomy 
primarily because of its safety and its considerable 
value when needed for prolonged nutritional support. 
The development of the procedure has effected a more 
liberal approach to the use of jejunostomy and has 
permitted enteral nutritional support in a significant 
number of patients that would otherwise require paren- 
teral hyperalimentation. Although better criteria are 
currently needed for the selection of patients requir- 
ing such nutritional support, a more selective approach 
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to the use of catheter feeding jejunostomy will even- 
tually develop with increasing experience in the nutri- 
tional study of surgical patients. 
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Anatomic Arterial-venous Shunting in Endotoxic 


Shunting of radionuclide labeled 9 micron diameter micro- 
spheres by the systemic circulation, and 6 body regions was 
measured in two dog shock models: endotoxic shock (1 mg/kg 
E. Coli endotoxin intravenously) and sepsis and septic shock 
(5 days after cecal ligation). Mean systemic arterial blood 
pressure was significantly lower than control in both the endo- 
toxic and septic shock groups. Mean systemic shunting was 
7.7% in the control group and 7.3% and 4.3% respectively 


in the endotoxic and septic shock groups. Regional shunting of | 


the head, heart, and skeletal muscle were not significantly 
different in the three groups. However, mean shunting in the 
splanchnic circulation was 36.5% in the septic shock group as 
compared to 18.6% in the control group (p < 0.05). Mean 
kidney shunting in the endotoxic group was 15.1% compared 
to 4% in the control group (p < 0.05). During resuscitation 
with crystalloid, mannitol, blood, and cortiocosteroids mean 
arterial blood pressure and cardiac index increased but 
systemic arterial-venous shunting was 3.8 and 4.3% in endo- 
toxic and septic shock respectively. These data show that 
systemic anatomic arterial-venous shunting is small and not 
different from control in both dog shock models, and regional 
arterial-venous shunting is increased only in the splanchnic 
circulation in the septic model and in the kidney in the endo- 
toxin model. 


HE QUESTION OF ANATOMIC arterial-venous shunt- 
T ing as a mechanism of inadequate oxygen delivery 
in septic shock is unanswered. In particular, it has been 
suggested that the hyperdynamic or the normal to high 
cardiac index form of septic shock in man and dogs is 
associated with a narrow arterial-venous oxygen con- 
tent difference, and that this may indirectly imply ana- 
tomic arterial-venous shunting in the systemic circula- 
tion.+*-7-13 To test the hypothesis that there may be 
significant anatomic arterial-venous shunting in septic 
shock, we studied two dog shock models. The intra- 
venous endotoxic dog shock model was studied, but be- 
cause it gives the low cardiac index form of shock? we 
also studied a model produced by cecal ligation that 
reportedly gives a spectrum of hemodynamic response 
similar to that seen in man in sepsis and early septic 
shock.*4 
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and Septic Shock in Dogs 
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From the Department of Surgery, 
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San Antonio, Texas 


Methods 


Fifteen adult mongrel dogs weighing 19 to 27 kg of 
either sex were studied. None were anemic, had evi- 
dence of heart worms, or of infection. The dogs were 
anesthetized intravenously with pentobarbital, ín- 
tubated and ventilated with room air. A fifth inter- 
costal space right thoracotomy and midline celiotomy 
were performed for catheter placement. The skin and 
subcutaneous tissue of the right lower extremity was 
reflected circümferentially from the groin to just above 
the paw. An umbilical tape was tightly tied around 
the leg just proximal to the reflected skin to prevent 
blood flow to the skin and paw. The devascularized 
skin was then replaced over the skeletal muscle of the 
right lower extremity to minimize heat loss. No. 5 
French, polyvinyl catheters were placed in the left 
jugular vein, the coronary sinus, pulmonary artery 
branch, left renal vein, and right and left femoral veins, 
for collection of venous blood reference samples for 
the radioactive microsphere method of measuring 
arterial-venous shunting.? All catheters were placed in 
the vessels through a small branch except for the 
coronary sinus in which the catheter was placed via a 
purse string suture in the right atrium and advanced 
into the coronary sinus approximately four to 6 cm. A 
heating pad was maintained at 38? on the operating 
table under the dogs. After catheter placements, the 
dogs were given 0.5 mg/kg of sodium heparin intra- 
venously each hour. One ml of Succinylcholine was 
given intravenously prior to thoracotomy and not re- 
peated. The 7 endotoxin shock dogs served as controls 
for both shock groups. The septic shock dogs were 
prepared five days prior to study by a small midline 
celiotomy under general endotracheal anesthesia, and 
ligation of the cecum with an umbilical tape 10 cm 
distal to the ileocecal valve. The dogs were given 
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500,000 units of penicillin intramuscularly daily for the 
five days between preparation and study. 


Endotoxic Shock Protocol 


An LD 90 dose of E. Coli (1 mg/kg, Difco Lab) 
was given intravenously after the controlled measure- 
ments were made in the endotoxic shock group. 
Measurements of hemodynamic values and anatomic 
arterial-venous shunting with the radioactive micro- 
sphere method were made at one and two hours after 
introduction of the endotoxin. At the end of two 
hours, resuscitation was initiated by first giving 25 gm 
of mannitol intravenously over five minutes, followed 
by 500cc to 700cc of whole blood to elevate the left 
atrial pressure 4—5 mmHg. Left atrial pressure was 
then maintained at this level with 5% dextrose in half 
normal saline. After measurements in the volume ex- 
pansion state, methylprednisolone sodium succinate 
(30 mg/kg) was given intravenously and hemodynamic 
and shunting measurements repeated after 30 minutes. 


Septic Shock Protocol 


All dogs were studied five days after cecal ligation 
as described above. The anesthesia and surgical pro- 


cedures were identical to those described in the endo- 
toxic shock group. Following hemodynamic and shunt- 
ing measurements, the dogs were given methylpred- 
nisolone as described in the endotoxic shock group and 
hemodynamic and shunting measurements repeated. 
Resuscitation was initiated with 25 gm of mannitol 
intravenously followed by hemodynamic and shunt 
measurements in 15 min. This was followed by infusion 
of 500cc to 700cc of whole blood to raise left atrial 
pressure 4-5 mmHg and the measurements were 
repeated. 


Measurements and Calculations 


At each study state, aortic, left atrial, pulmonary 
artery pressures and heart rate were measured using 
Statham P23Db strain gauge pressure transducers, and 
recorded. Approximately 100,000 microspheres of 
9 + 1.8 (mean + 2 SD) diameter labeled with either 
48Sc, ®Sr, “Ce, or 1I were injected into the left atrium 
over 20 to 30 seconds at each study state. Simul- 
taneously, reference samples were withdrawn at 3.6 
ml per minute for three minutes with a Harvard pump. 
Twenty milliliters of body temperature whole blood 
was injected into the left atrium during the first minute 


TABLE 1. Hemodynamics During Endotoxic Shock 








Control (7) Shock 1 hr (7) Shock 2 hr (7) Blood/Fluid (5) Steroids (6) 
Temp 36.7 36.1 36.0 36.2 36.0 
x 0.84 + 1.41 + 1.44 + 1.49 + 1.63 
Het (%) 40.3 43.2 40.4 35.8 36.5 
+ 6.68 + 5.13 + 4,21 + 2.60 + 6.56 
HR (beats min!) 171 158 178 163 153 
+ 24.1 + 17.0 + 25.0 + 27.8 + 28.3 
Paos (mm Hg) 125.4 79.31 71.7} 100.8*§ 89.8t 
+ 12.8 + 16.3 + 21.7 + 31.9 + 19.6 
Paoa (mm Hg) 98:7 51.31 44.21 52.2} 51.84 
+ 5.23 + 13.9 + 13.1 + 14.0 + 11.0 
Pos (mm Hg) 110.4 60.8t 53.8t 69.018 64.718 
+ 5.4 + 14.7 + 16.2 + 20.7 + 14.1 
Pia (mm Hg) 2.6 1.6 0.6 4.38 6.58 
+2.5 + 2.0 + 0.6 + 3.0 +41 
Ppa (mm Hg) 11.3 11.8 11.2 19.24] 18.6*8 
+42 + 5.3 + 4.0 £39 +13 
CI (cc: min™- kg-*) 200.2 98.24 110.24 496.08 177.3 
+ 55.0 + 29.8 + 18.3 + 213.0 + 77.0 
R (mm Hg- min: kg: ce) 0.620 0.662 0.501 0.249*8 0.443 
x 0.175 x 0.193 + 0.167 + 0.187 x 0.147 
VO, (cc: min"! kg?) 8.12 6.70 7.95 5.78 7.94 
x 2.97 + 2.78 + 1.47 + 1.38 + 3.38 
% O, Extraction 26.1 41.7* 66.01 28.1] 44.2 
+7.81 x 7.12 + 17.80 + 10.1 + 16.3 





Symbols are: Hct—hematocrit; HR —heart rate; Phos Paoas Paom——SyStolic, diastolic and mean systemic arterial pressure; Pia, Ppa— 
mean left atrial and pulmonary artery pressure; Cl—cardiac index; Vo;— systemic oxygen consumption, 96 O, Extraction— percent of 
oxygen in systemic arterial blood not present in mixed venous blood. Probability by paired t test with control values: * p « 0.05, t p « 0.01, 
ł p < 0.005. Probability by paired t test with 2 hr shock values: $ p < 0.05, || p < 0.01, ||| p < 0.005. All values are Mean + 2 SDM. 
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TABLE 2. Hemodynamics During Septic Shock 


Control (7) Shock (8) Steroids (8) Mannitol (8) Blood/Fluid (8) 
Temp 36.7 38.1* 38.2* 38.1* 37.9* 
x 0.84 + 0.80 + 1.00 + 0.76 + 0.55 
Het (%) 40.3 40.4 43.9 38.4 38.4 
x 6.68 + 3.96 + 3.10 + 5.34 + 5.65 
HR (beats min) "171 168 163 156 149 
+ 24.1 + 15.4 + 15.1 + 10.3 + 18.6 
Paos (mm Hg) 125.4 104.07 104.21 116.4 142.88 
: + 12.8 + 9.4 + 9.5 + 8.6 + 18.2 
Paoa (mm Hg) 98.7 82.2* 78.1* 77.8* 89.8 
+ 5.23 + 11.6 + 12.6 + 12.5 + 18.2 
Phom (mm Hg) 110.4 89.65 86.01 91.9 106.6 
+ 5.4 + 10.0 + 11.4 + 11.0 + 13.5 
Pa (mm Hg) 2.6 2.4 2.2 3.9 7.2*| 
+ 2.5 + 1.1 +15 + 2.1 + 2.8 
Ppa (mm Hg) 11.3 13.5 13.6 16.0 24.1*8 
-4 + 2.8 + 3.3 + 3.9 x 7.9 
CI (cc: min“: kg?) 200.2 136.3 137.8 178.9 324.3*§ 
+ 55.0 + 43.8 + 37.3 + 42.1 x 87.5 
R(mm- Hg- min: Kg: cc?) 0.620 0.738 0.681 0.544 0.3508 
+ 0.175 + 0.170 + 0.148 + 0.135 x 0.144 
Vo, (cc: min™: kg^!) 8.12 7.96 6.43 8.08 15.4 
+ 2,97 + 1.94 + 1.40 + 3.68 + 11.0 
26 O; Extraction 25.1 37.9 35.4 33.2 29.4 
+ 7.81 + 9.35 + 16.5 + 15.9 + 12.2 


Symbols as per Table 1. Probability by unpaired t test with control values: * p < 0.05, t p < 0.01, $ p < 0.005. Probability by paired t test 


with shock values: 8 p < 0.05, |] p < 0.01, || o < 0.005. All values are Mean + 2 SDM. 


of blood withdrawal to both inject the microspheres and 
maintain blood volume. One hundred milliliters of 
whole blood was infused into the central venous cathe- 
ter after reference sample withdrawal to replace ref- 
erence sample blood. Cardiac output and percent sys- 
temic and regional arterial-venous shunting was meas- 
ured by the radioactive microsphere reference sample 
method.? Blood samples were taken from the aorta 
and pulmonary artery for measurement of hematocrit, 
Poe, Pco;, and pH. Rectal temperature was recorded. 
After the final measurements the dogs were killed with 
pentobarbitol. Skeletal muscle samples (for blood flow) 
and the blood reference samples were counted for 
gamma radioactivity by a modification of the method 
of Rudolph and Heymann." Cardiac output and per- 
cent shunt were calculated from the Fick principle: 
percent shunt — 100 times the counts in the venous 
reference sample divided by the counts in the arterial 
sample, and cardiac output — 3.6 ml/min times the 
injected radioactivity divided by the counts in the 
arterial reference sample." Oxygen consumption was 
calculated from the product of cardiac output and 
. Systemic arterial-venous blood oxygen content dif- 
ference (from hematocrit and Po,). 


Statistics 


The endotoxic shock group served as control for 
both the endotoxic and the septic shock group. In the 
endotoxic shock group, the paired f test was used to 
evaluate the probability of differences between control 
and shock, resuscitation and corticosteroid states. In 
the septic shock group the unpaired * test was used to 
compare control and shock states, and the paired t 
test was used for shock and resuscitation data. When 
the data was skewed, as with small percent shunting, 
the log,) of the raw data was used to give a normal 
distribution and the ¢ test run on the normalized data. 


Results 


Hemodynamic parameters for the endotoxic and the 
septic shock group are given in Tables 1 and 2 respec- 
tively. Mean, systolic and diastolic systemic blood 
pressures were significantly lower than control in both 
shock groups. During resuscitation with blood and 
mannitol, mean arterial pressures increased in both 
groups but returned to normal levels only in the septic 
shock group. 

The relationship between cardiac index and percent 
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Fic. 1. Percent oxygen extraction versus cardiac index for control 
(6) 2 hr. endotoxin shock (©) and septic shock (A) groups. 


oxygen extraction from systemic blood is given in 
Figure 1 for control, endotoxic and septic shock 
groups. In general, oxygen extraction was greater in 
the endotoxic than in the control group but there was 
no correlation of oxygen extraction with cardiac index. 
Conversely, the septic shock group had a larger oxygen 
extraction in the dogs with lower cardiac indices, how- 
ever, the number of dogs was small. The response of 
these variables to resuscitation was similar to that 
found in the shock state. 

Systemic arterial-venous shunting in the control and 
in the shock and resuscitation states are given in 
' Figures 2 and 3 for endotoxic and septic shock respec- 
. tively. There was no significant difference between 
control and shock states in either shock group. Figure 
4 shows the percent of systemic arterial-venous shunt- 
ing in the septic shock group versus cardiac index. 
There was no trend toward increased systemic shunt- 
ing with high cardiac index. 

Skeletal muscle blood flow in the right lower limb 


e o a 


Percent Systemic Shunt 
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A hr 2hr 
Endotoxic Shock 
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Fig. 2. Percent systemic arterial-venous shunting in control, endo- 
toxic shock and during resuscitation with blood and corticosteroids. 
All values are mean + 2 SDM. The number of determinations at 
each state are given in Tabie 1. 
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Fic. 3. Percent systemic arterial-venous shunting in control, sepzic 
shock, and attempted resuscitation with corticosteroids, mannitol 
and blood. All values are mean + 2 SDM. The number of deter- 
minations at each state are given in Table 2. 


was measured by the.radioactive microsphere method 
in the control and two shock groups. The mean + 2 SD 
of the mean values for the control, endotoxic, and 
septic shock groups respectively are 2.60 + 1.29, 
2.80 + 2.72, and 1.60 + 0.64 ml/min per 100 gm of 
muscle. These flows were not statistically significantly 
different. 

Regional arterial-venous shunting for 6 regions or 
organs of the body are given in Tables 3 and 4 respec- 
tively for.the endotoxic and septic shock groups. In 
the endotoxic shock group the only statistically sig- 
nificant findings were in the splanchnic vascular bed and 
in the hind limb. Splanchnic blood flow was decreased 
significantly both at one hour of endotoxic shock and 
with resuscitation with both blood and crystalloid as 
well as following corticosteroids. Hind limb shunting 
was decreased following corticosteroid. In the septic 
shock group there was a statistically significant in- 
crease in shunting in the splanchnic vascular bed. 
Hind limb shunting was decreased in the shock and all 
resuscitation states in this group. 


Percent Systemic Shunt 
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Fic. 4. Percent systemic arterial-venous shunting versus cardiac 
index in septic shock group (8), and after attempted resuscitation 
with corticosteroids (O), mannitol (x) and blood (L1). 
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TABLE 3. Percent Regional Shunting During Endotoxic Shock 


Control (7) 
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Shock 1 hr (7) Shock 2 hr (7) Blood/Fluid (6) ` Steroids (6) 

Head 21.6 12.7 12.2 19.0 20.5 
+ 11.20 + 6.04 + 4.53 + 22.1 + 13.2 

Heart 3.6 2.1 4.8 1.9 1.7 
+ 3.70 + 1.58 + 3.17 + 1.06 + 1.39 

Kidney 4.0 6.4 15.1t 1.7 4.7 
+ 2.41 + 3.17 + 3.66 + 1.39 + 1.55 

Splanchnic 18.6 7.5* 12.0 5.0* 4.57 
+ 8.08 x 4,23 + 9.14 + 5.30 + 2.78 

Hind limb . 19.9 13.4 14.0 10.5 2.6t 
+ 9.81 + 14.2 + 12.3 + 5.38 + 1.06 

Skeletal muscle 4.1 1.1 3.3 2.6 1.5 
x 2.64 + 1.05 + 1.51 + 2.28 + 1.07 


All values in percent shunt and mean + 2SDM. Probability by paired t test with control: * p < 0.05, f p < 0.01. Skewed data (2 SDM 


> mean) was normalized by taking log,) for statistical testing. Number in parenthesis is number of dogs studied at each State. 


Discussion 


The radioactive microsphere method of measuring 
regional bload flow, cardiac output, and arterial-venous 
shunting is well established.” Techniques to insure 
the accuracy and precision of this method were fol- 
lowed.? While the venous reference samples from 
organs or tissues with a low percent shunt had less 
than the 400 microspheres necessary to have 95% confi- 
dence of 10% accuracy, the percent shunt was small 
(less than three or 4%) and hence less precision is not 
important.’ Thus, while the accuracy of a three or 4% 
shunt may be +10%, this is a very small total variability 
in the percent shunt measured. By contrast, high per- 
cent shunts in the 20-30% range have well over 400 
microspheres in the blood sample and accordingly, a 
high probability of being within 10% accurate 95% of 
the tíime.? Microspheres of 9 + 1.8 (mean + 2 SD) 


micron diameter should measure arterial-venous com- 
munications as small as 8 or 9 microns in diameter. 

The evidence to support the hypothesis that both 
models represent a shock state is given in Tables 1 
and 2. Both groups had significantly statistically lower 
blood pressures than the control group. Cardiac index 
in the control group was slightly higher than that re- 
ported in similar studies." While we did not validate 
sepsis in the septic shock group, rectal temperature 
was significantly higher than in the control and endo- 
toxic shock groups. The significantly increased tem- 
perature and lower mean arterial blood pressure in the 
septic shock group are similar to previous reports,** 
however, mean arterial blood pressure in both our con- 
trol and septic shock group was lower. 

Narrow arterial venous oxygen differences have 
been reported in man!*7-13 and in the cecal ligation 
dog sepsis and septic shock model.* There is however 


TABLE 4. Percent Regional Shunting During Septic Shock 





Control (7) Shock (8) 

Head 21.6 13.4 
+ 11.20 + 8.30 

Heart 3.6 1.7 
+ 3.70 + 0.99 

Kidney 4.0 3.4 
+ 2.41 + 2.12 

Splanchnic 18.6 36.5* 

+ 8.08 + 11.7 
Hind limb 19.9 3.2t 
+ 9.81 + 2.68 

Skeletal muscle 4.1 2.7 
+ 2.64 x 2.05 





Symbols and presentation per Table 3. 


Steroids (8) Mannitol (8) Blood/Fluids (8) 

17.5 18.4 19.3 

+ 9.25 x 10.3 + 8.40 
1.3 2:4. 4.3 

+ 0.78 + 3.33 + 6.57 
3.2 2.6 4.9 

+ 1.77 + 2.27 + 4.15 
35.5* 23.7 23.3 

+ 10.2 + 6.12 + 9.00 
4.4t 5.0t 7.7* 

+ 3.39 + 3.70 + 5.06 
6.0 8.9 8.1 

+ 3.75 + 9.66 + 4,23 
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a problem with interpretation of published data on the 
relationship between oxygen extraction and cardiac 
index in both men? and dogs.'* While there appears 
to be an excellent correlation between low oxygen 
extraction and high cardiac index, on close evaluation 
it would seem that cardiac index was not measured 
directly but rather calculated from measured values 
of total body oxygen consumption using the Fick 
principle. Accordingly, there is mathematical coupling 
between cardiac index and arterial venous oxygen con- 
tent difference. A correlation coefficient of the order 
of 0.70 is guaranteed when cardiac index and arterial 
venous difference are compared in this way because of 
coupling of variables, namely the oxygen content dif- 
ference. Therefore the concept that cardiac index 
and arterial-venous oxygen content difference are 
reciprocally coupled in septic shock may not be true. 
We could find only one study in man in which direct 
independent measurements of cardiac index and 
arterial venous oxygen difference were compared.!? 
There was a narrow arterial venous oxygen difference 
in those patients who subsequently died as compared to 


those who survived, but there did not appear to be a - 


correlation between low oxygen extraction and high 
cardiac index. 

Our results of low systemic anatomic arterial-venous 
shunting in both shock groups are consistent with the 
concept that significant anatomic arterial-venous 
shunting is not present in these two dog shock models. 
When resuscitation with corticosteroids and blood was 
invoked the amount of shunting decreased in the septic 
model and was unchanged in the endotoxic model. 
This is an interesting observation because in man few 
measurements have been made prior to some form of 
resuscitation. Thus the possibility that anatomic ar- 
terial-venous shunting occurs in the process of resusci- 
tation is not supported by our results. Further, the over- 
all low percent of shunting of 9 micron diameter micro- 
spheres in dogs in all shock and resuscitation states 
suggest that significant anatomic arterial-venous shunt- 
ing is unlikely. Rutherford et al? found systemic 
arterial-venous shunting during hypovolemic shock in 
dogs to be small. 

The high arterial-venous shunting (3596) observed in 
the splanchnic circulation in the septic shock group is of 
interest because this model was produced by intestinal 
obstruction. The control values of splanchnic shunting 


(19%) are in contrast with reported 3% splanchnic. 


shunting in normal dogs using larger albumin micro- 
spheres? and with splanchnic oxygen consumption in 
septic man.? This suggests that there may be increased 
shunting through a region of inflammation.'-5? The in- 
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crease in arterial-venous shunting (1596) in the kidney 
at two hours of endotoxic shock cannot be explained. 

'The difference between hind limb (2096) and skeletal 
muscle (4%) shunting in the control group suggests that 
skin and paw normally have significant anatomic ar- 
terial-venous shunting. Skeletal muscle blood flow in 
the control and two shock states were not significantly 
different, but were quite variable, and the mean values 
of skeletal muscle blood flow were lower in the septic 
group than in the control and endotoxic group. This is 
evidence against the hypothesis that skeletal muscle 
flow may be increased in sepsis.? 
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a major advance in the control 


of surgical bleeding 


Hemorrhage, even in its more moderate forms, creates problems and complications 
for the surgeon. Understandably, therefore, the search for better hemostatic agents 
goes back to man’s earliest recorded history. Now — while the perfect hemostat is 
still to be discovered — Avicon has made an exciting breakthrough with a new 
topical agent which, in the consensus of the investigators who have worked with it 
over the past five years, moves us measurably closer to the ideal. That agent is 
Avitene Microfibrillar Collagen Hemostat (MCH). Here, in brief summary, are the 
basic data about Avitene. 


What it is: 


How it acts: 


A modified natural collagen 


Avitene (MCH) is an absorbable topical he- 
mostatic agent prepared from purified bo- 
vine corium collagen. Physically, Avitene is 
an off-white, fluffy, finely fibrous material, 
with a highly open structure which gives it 
an immense surface area. Chemically, Avi- 
tene is collagen modified to increase its sta- 
bility, without changing the characteristics 
essential to its inherent effect on the blood 
coagulation mechanism. 


Triggers the normal 
hemostatic mechanism 


When Avitene (MCH) comes in contact 
with a bleeding surface it acts like native 
collagen: attracting platelets which adhere 
to the fibrils and undergo the release phe- 
nomenon. This triggers aggregation of the 
platelets into thrombi in the interstices of 
the fibrous mass and initiates clot forma- 
tion, producing a physiologic platelet plug. 
Avitene is effective in heparinized patients, 





Its role in 
surgery: 


and aspirin does not generally interfere 
with its action. Hemostasis has been suc- 
cessful in moderately thrombocytopenic 
patients, though Avitene will not work in 
clinical thrombasthenia and has not been 
shown to control bleeding due to systemic 
coagulation disorders. 


An invaluable adjunct to 
conventional hemostatic 
procedures 


Since 1972, Avitene (MCH) has been used 
and carefully studied in a wide variety of 
clinical and experimental, controlled and 
noncontrolled hemorrhagic situations. Avi- 
tene has been found to be of greatest value 
when control of bleeding by ligature or 
conventional procedures is ineffective or 
impractical. The proper use of Avitene can 
be expected, therefore, to reduce blood 
loss and save time. 


Avitene has been found to be especially ef- 
fective in: 


e generalized bleeding from raw, soft or 
friable tissues 

e bleeding from highly vascularized organs 

e bleeding from cancellous bone 

e bleeding around vascular anastomoses 
where only minimal suturing may be pos- 
sible because of lack of integrity of the 
tissue or the risk of compromising the 
lumen. 


The use of Avitene is contraindicated in 
the closure of skin incisions as it may inter- 
fere with healing of the skin edges. 


An index of 
effectiveness: 


Tolerance: 


ow to order: 


Control of splenic bleeding 


Bleeding from experimental splenic inju- 
ries in dogs was effectively controlled in 15 
out of 15 cases by Avitene (MCH). AI- 
though 3 to 4 injuries were made in each 
spleen and the spleen was actively manipu- 
lated, hemostasis was complete in all ani- 
mals, with only 15% of the animals 
requiring more than one application. 
There was no evidence of delayed bleed- 
ing. In humans, Avitene successfully con- 
trolled splenic bleeding in five out of six 
cases. In three it was possible to salvage 
the spleen and in two others the surgeons 
were able to delay splenectomy until other 
necessary surgery was completed. 


No clinically significant risk 
to treated patients 


With the exception of the possible poten- 
tiation of infection in a few patients, the 
use of Avitene (MCH) in over 1,000 re- 
ported cases has caused no clinical compli- 
cations affecting the safety of patients. 


Clinical and animal studies have shown: 
Negligible immunologic response... 
Avitene elicits a negligible immunologic re- 
sponse; no immunologic disease was seen 
in any patient in whom an elevated anti- 
BSA (beef serum albumin) titer was seen. 
No allergic reactions ascribable to MCH 
were noted. 

Minimal foreign body reactions... 
recovery of human cervices in which cat- 
gut sutures and Avitene had been im- 
planted showed a lower degree of foreign 
body reaction to Avitene than to the re- 
tained catgut. 

No stenotic effect at anastomoses... 
Stenosis was not seen nor was flow rate de- 
creased in anastomosed canine iliac arter- 
ies where Avitene was used as a hemostat. 
After four months, no adverse hemo- 
dynamic effects were noted; intraluminal 
anatomy and histologic appearance was 
similar to controls. 


No effect on bone healing... 

Clinical studies have shown that Avitene 
does not interfere with bone regeneration 
or healing. In animal work MCH did not in- 
terfere with reattachment and union of fe- 
moral trochanters and no interference with 
healing was observed by X ray or histology. 





Avitene, a product of Avicon, Ine. is dis- 
tributed by Alcon Laboratories. To order 
Avitene for your hospital, write: Order De- 
partment, Avicon, Inc., P.O. Box 85, Ft. 
Worth, Texas 76101. 


See last page for directions for use. 


Effective in a wide variety of 
surgical bleeding problems 


Avitene (MCH) is used in surgical proce- 
dures as an adjunct to hemostasis when 
control of bleeding by ligature or conven- 
tional procedures is ineffective or impracti- 
cal. Nearly five years of clinical study and 
animal experimentation have demon- 
strated its effectiveness in: 





Cardiovascular surgery 
Abdominal surgery 
Orthopedic surgery 
Gynecological surgery 
Plastic surgery 
Neurosurgery 
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Avitene 


Microfibrillar Collagen Hemostat (MCH) 


A motion picture demonstrating the clinical applications 
of Avitene (MCH) features surgeons with first-hand experi- 
ence in its use. The 24-minute film dramatically illustrates 
the hemostatic action of MCH in clinical and laboratory 
situations. For information on arranging a showing and a 
complete presentation on Avitene, write: Avicon, Inc., 
P.O. Box 85, Ft. Worth, Texas 76101. 


Full directions for use 


Description: Avitene is an absorbable topical hemostatic agent 
prepared as a dry, sterile, fibrous, water insoluble partial hydro- 
chloric acid salt of purified bovine corium collagen. In its man- 
ufacture, swelling of the native collagen fibrils is controlled by 
ethyl alcohol to permit noncovalent attachment of hydrochloric 
acid to amine groups on the collagen molecule and preservation of 
the essential morphology of native collagen molecules. Dry heat 
sterilization causes some cross-linking which is evidenced by re- 
duction of hydrating properties, and a decrease of molecular 
weight which implies some degradation of collagen molecules. 
However, the characteristics of collagen which are essential to its 
effect on the blood coagulation mechanisms are preserved. 


Actions: Avitene, in contact with a bleeding surface, attracts 
platelets which adhere to the fibrils and undergo the release phe- 
nomenon to trigger aggregation of platelets into thrombi in the 
interstices of the fibrous mass. The effect on platelet adhesion and 
aggregation is not inhibited by heparin in vitro. It has been found 
effective in heparinized dogs and in eight of nine fully heparinized 
human subjects. Platelets of patients with clinical thrombasthenia 
do not adhere to Avitene in vitro. However, in clinical trials it was 
effective in 50 of 68 patients receiving aspirin. Avitene cannot 
control bleeding due to systemic coagulation disorders. Appro- 
priate therapy to correct the underlying coagulopathy should be 
instituted prior to use of the drug. Avitene is tenaciously adherent 
to surfaces wet with blood but excess material not involved in the 
hemostatic clot may be removed by teasing or irrigation, usually 
without restarting bleeding. In animal and human studies, it has 
been shown to stimulate a mild, chronic cellular inflammatory 
response. When implanted in animal tissues, it is absorbed in less 
than 84 days. In human studies of hemostasis in osteotomy cuts, it 
has been shown not to interfere with bone regeneration or healing. 
In animal studies, it has been demonstrated that Avitene does not 
predispose to stenosis at vascular anastomotic sites. These findings 
have not been confirmed in human use. Studies have been per- 
formed using Avitene in experimental wounds contaminated with 
hemolytic Staphylococcus aureus. The presence of Avitene does 
not enhance or initiate staphylococcus wound infections to a 
greater or lesser extent than control agents employed for the same 
purpose. The effects of Avitene on experimental wounds conta- 
minated with a gram-negative aerobic rod and an anaerobic non- 
spore-forming bacteria are currently under investigation. 


Indications: Avitene is used in surgical procedures as an adjunct to 
hemostasis when control of bleeding by ligature or conventional 
procedures is ineffective or impractical. 


Contraindications: Avitene should not be used in the closure of 
skin incisions as it may interfere with the healing of the skin 
edges. 


Warnings: Avitene is inactivated by autoclaving. Ethylene oxide 
reacts with bound hydrochloric acid to form ethylene chlorohy- 
drin. This product should not be resterilized. It is not for injection. 
Moistening Avitene or wetting with saline or thrombin impairs its 
hemostatic efficacy. It should be used dry. Discard any unused 
portion. As with any foreign substance, use in contaminated 
wounds may enhance infection. 


Precautions: Only that amount of Avitene necessary to produce 
hemostasis should be used. After several minutes, excess material 
should be removed; this is usually possible without the re-initiation 
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of active bleeding. Avitene contains a low, but detectable, level of 
intercalated bovine serum protein which reacts immunologically 
as does beef serum albumin. Increases in anti-BSA titer have been 
observed following treatment with Avitene. About two-thirds of 
individuals exhibit antibody titers because of ingestion of food 
products of bovine origin. Intradermal skin tests have occasionally 
shown a weak positive reaction to BSA or Avitene but these have 
not been correlated with IgG titers to BSA. Tests have failed to 
demonstrate clinically significant elicitation of antibodies of the 
IgE class against BSA following-Avitene therapy. Care should be 
exercised to avoid spillage on nonbleeding surfaces, particularly in 
abdominal or thoracic viscera. Teratology studies in rats and rab- 
bits have revealed no harm to the animal fetus. There are no 
well-controlled studies in pregnant women; therefore, Avitene 
should be used in pregnant women only when clearly needed. 


Adverse reactions: The most serious adverse reactions reported 
which may be related to the use of this drug are potentiation of 
infection including abscess formation, hematoma, wound dehi- 
scence, mediastinitis. Other reported adverse reactions possibly 
drug related are adhesion formation, allergic reaction, foreign 
body reaction, subgaleal seroma (report of a single case). 


Dosage and administration: Avitene must be applied directly to the 
source of bleeding. Because of its adhesiveness, it may seal over the 
exit site of deeper hemorrhage and conceal an underlying hema- 
toma as in penetrating liver wounds. Surfaces to be treated should 
be compressed with dry sponges immediately prior to application 
of the dry Avitene. It is then necessary to apply pressure over the 
Avitene with a dry sponge for a period of time which varies with the 
force and severity of bleeding. A minute may suffice for capillary 
bleeding (e. g., skin graft donor sites, dermatologic curettage) but 
three to five or more minutes may be required for brisk bleeding 
(e. g., splenic tears) or high-pressure leaks in major artery suture 
holes. For control of oozing from cancellous bone, it should be 
firmly packed into the spongy bone surface. After five to ten 
minutes, excess Avitene should be teased away; this can usually be 
accomplished without initiating rebleeding. If breakthrough 
bleeding occurs in areas of thin application, additional Avitene 
may be applied. The amount required depends, again, on the 
severity of bleeding. In capillary bleeding, one gram will usually be 
sufficient for a 50 cm? area. Thicker coverage will be required for 
more brisk bleeding. Avitene will adhere to wet gloves, instru- 
ments, or tissue surfaces. To facilitate handling, dry smooth forceps 
should be used. Gloved fingers should not be used to apply pres- 
sure. 


How supplied: In 1 g and 5 g sterile jars of sterile microfibrillar 
collagen hemostat all contained in a sealed can. Sterility of the jar 
exterior cannot be guaranteed if can seal is broken. Content of jar is 
sterile until opened. 

Caution: Federal law prohibits dispensing without prescription. 
*"Avitene" is a trademark belonging to Avicon, Inc. for its absorb- 
able microfibrillar collagen hemostat. 5/76 
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Fifteen Year Experience with Subcutaneous Bypass 
Grafts for Lower Extremity /schemia 


JOHN EUGENE, M.D., JERRY GOLDSTONE, M.D., F.A.C.S., WESLEY S. MOORE, M.D., F.A.C.S. 


A 15-year experience with 92 subcutaneous arterial bypass 
grafts for lower extremity revascularization has been reviewed. 
Fifty-nine AF and 33 FF bypass operations were performed on 
89 patients whose average age was 66 years. The overall five- 
year survival was 33% compared to an expected survival of 
80%. 88% of the AF, and 76% of the FF operations were 
performed for limb salvage, bypass of an aortic aneurysm, or 
replacement of an infected aortic graft. The remainder were 
performed for intermittent claudication on patients who were 
too ill to withstand an intra-abdominal operation. 75% of 
the patients with AF grafts and 64% of those with FF grafts 
experienced complete relief of lower extremity ischemia, in- 
cluding all of the patients with claudication. Graft patency 
was analyzed by the life table method. In the FF series, 74% of 
the grafts remained patent for one year; 73% for two years; 
66% for three years; and 53% for four years. A 50% incidence 
of thrombosis occurred at the end of two years in the AF group. 
The patency rate of the AF grafts was also studied with 
regard to the type of graft material employed: a 50% incidence 
of thrombosis was reached at 36 months with knitted Dacron; 
at 18 months with weave-knit Dacron; and at 9 months with 
woven Dacron. 

These data indicate that: (1) contrary to our previous 
report, weave-grafts provide adequate blood flow to the lower 
extremities but do not remain patent as long as more con- 
ventional types of reconstruction; (2) subcutaneous grafts 
should be performed only when an intra-abdominal procedure 
is contraindicated or life expectancy is limited. 


XPERIENCE WITH SUBCUTANEOUS bypass opera- 
tions at the San Francisco Veterans Administra- 
tion Hospital has been extensive. We began perform- 
ing femoral-femoral (FF) grafts in 1960, and continued 
with the introduction of axillary-femoral (AF) grafts in 
1962. These operations have gradually become part of 
the standard repertoire of vascular surgeons. 
The indications for subcutaneous bypass grafts have 
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varied considerably in 15 years. Originally, they were 
considered for individuals who were unacceptable 
candidates for an intra-abdominal operation.?:!!:!9 
Later, they came to be used in the management of in- 
fected abdominal aortic prostheses?!?:? and to bypass 
abdominal aortic aneurysms.? In some instances, they 
have even been employed as a substitute for more 
conventional arterial reconstructions.?!9!' The early 
results of subcutaneous bypass procedures have 
generally been quite satisfactory but the long term 
followup has not been well documented. 

The purpose of this report is to analyze the immedi- 
ate and late results of 92 operations employing sub- 
cutaneous arterial bypass grafts. 


Clinical Material and Methods of Study 


Through 1975, 33 femoral-femoral (FF) and 59 axil- 
lary-femoral (AF) bypass operations have been per- 
formed on 89 patients. Their records were reviewed 
and living patients were personally contacted and ex- 
amined. Only three patients were lost to followup. 
Data was recorded on punch cards and hand-sorted. 
Life tables were constructed to assess graft patency 
and patient survival.'5 Once the continuity of a graft 
was interrupted, it was classified as thrombosed even 
if continuity was restored by subsequent graft 
thrombectomy, revision, or replacement. There were 
87 men and two women in the study. The mean age 
in both the AF and FF groups was 66 years. The 
distribution of patients by decades is summarized 
in Table 1. 
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TABLE l. Age Distribution 





Age Femoral-Femoral Axillary-Femoral 
30-39 1 0 
40-49 2 4 
50-59 7 12 
60-69 9 19 
70-79 12 22 
80-89 2 2 
mean 66 Years 66 Years 


Most of the patients had serious associated diseases. 
The incidence of associated illness in the two treat- 
ment categories is summarized in Table 2. Cardiac dis- 
ease, respiratory dysfunction, and cerebrovascular 
insufficiency were the most frequent problems. 

All patients underwent preoperative angiography. 
From 1960 to 1971 translumbar aortography with addi- 
tional bilateral percutaneous femoral arteriography 
was employed. Since 1971, most patients have 
undergone arteriography by retrograde axillary or 
femoral artery catheterization utilizing the Seldinger 
technique. In addition, intra-operative arteriograms 
were performed on most of the patients at the con- 
clusion of their operation to insure a technically 
adequate result. 


Operative Indications 


Subcutaneous grafts were initially employed for 
revascularization of the lower extremities when a direct 
aortic reconstruction was deemed inadvisable because 
of intra-abdominal sepsis or concomitant illness. Early 
success led to a trial of their use in the management 
of abdominal aortic aneurysms and intermittent claudi- 
cation. The operative indications for the patients in 
this study are summarized in Table 3. The majority of 
operations were performed for limb salvage: 73% in 
the FF group and 65% in the AF group. 


Operative Technique 
Femoral-femoral Bypass 
Both groins are entered through longitudinal in- 


cisions and the common, superficial, and profunda 


TABLE 2. Associated Disease 





Femoral-Femoral Axillary-Femoral 
(33 patients) (59 patients) 





Hypertension 8 (24%) 24 (41%) 
Heart Disease 23 (70%) 45 (76%) 
Pulmonary Disease 16 (48%) 36 (61%) 
Cerebrovascular Insufficiency 8 (24%) 18 (31%) 
Diabetes Mellitus 6 (18%) 11 (19%) 
Renal Disease 4 (12%) 14 (24%) 
Cardiac and Pulmonary 15 (45%) 31 (53%) 
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TABLE 3. Operative Indications 


Femoral-Femoral Axillary-Femoral 


Claudication 8 (24%) 7 (12%) 
Rest pain 16 (49%) 18 (31%) 
Gangrene 7 (21%) 20 (34%) 
Aneurysm bypass 1 (3%) 5 (8%) 
Infected aortic graft 1 (3%) 9 (15%) 





femoris arteries isolated. On the inflow side, a longi- 
tudinal arteriotomy is made in the common femoral 
artery, and an end-to-side anastomosis is performed 
between the graft and the artery using a continuous 
suture of 4—0 braided Dacron. The two groin incisions 
are connected by a subcutaneous, suprapubic tunnel. 
If there are no stenotic lesions of the superficial 
femoral or profunda femoris arteries on the outflow 
side, this anastomosis is made with the common 
femoral artery. If stenotic lesions are present in 
either of these arteries, the longitudinal arteriotomy is 
continued through the stenotic segment and the bevel 
of the graft fashioned to serve as a patch angioplasty. 
Alternatively an angioplasty of autogenous material 
with or without thromboendarterectomy may be 
employed. 
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Fic. 1. Patency rate of femoral-femoral bypass grafts determined 
by life table method (1960-1975). 
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Fic. 2. Comparison of femoral-femoral grafts and patient survival 
determined by life table method. 


60 72 84 


Unilateral Axillary Femoral Bypass 


The first and second portions of the axillary artery 
are mobilized via an infraclavicular incision, and the 
ipsilateral common femoral artery is isolated through 
a longitudinal groin incision. A tunneling instrument 
is used to create a subfascial tunnel beneath the pec- 
toralis major and external oblique aponeurosis. An 
end-to-side anastomosis is performed between the graft 
and the axillary artery using a continuous 4-0 braided 
Dacron suture and the graft is passed through the 
tunnel into the groin incision. If there are stenotic 
lesions present in the superficial femoral or profunda 
femoris arteries, a patch angioplasty and/or endarterec- 
tomy is performed; otherwise, the graft is anastomosed 
to the common femoral artery with a continuous 4-0 
braided Dacron suture. 


Axillary-bilateral Femoral Bypass 


A side-arm is attached to the axillary femoral graft 
in the ipsilateral groin, passed through a suprapubic 
subcutaneous tunnel, and anastomosed to the contra- 
lateral femoral artery as described. 

During the period of study, 19 right-to-left FF by- 
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passes and 14 left-to-right FF bypasses were per- 
formed. Twenty grafts were 10 mm diameter; 11 were 
8 mm; one was 6 mm; and there was one vein graft. 
The prosthetic materials employed were: knitted 
Dacron, 16 grafts; woven Dacron, two grafts; weave- 
knit Dacron, ten grafts; and Dacron external velour, 
two grafts. 

Thirty-five unilateral axillary femoral bypasses and 
24 axillary-bilateral femoral procedures were per- 
formed. Thirty-nine were 10 mm grafts, and 20 were 
8 mm grafts. The prosthetic materials used were: 
knitted Dacron, 29 grafts; woven Dacron, eight grafts; 
weave-knit Dacron, 17 grafts; and Dacron external 
velour, five grafts. 


Results 
Operative Mortality 


Five patients undergoing FF bypass died within 30 
days of surgery (operative mortality 1592), three due to 
postoperative myocardial infarction, one from cerebral 
hemorrhage, and one from pneumonia. 

There were also five early deaths associated with 
AF bypass resulting in an operative mortality of 8%. 
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Fic. 3. Patency rate of axillary-femoral bypass grafts determined 
by life table method (1962— 1975). 
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Fic. 4. Comparison of patency of axillary-femoral grafts to patient 
survival determined by life table method. 


The causes of death were: myocardial infarction, 
cerebral vascular accident, respiratory failure, 
bowel infarction, and rupture of an abdominal aortic 
aneurysm. 


Symptomatic Results of Operation 


Claudication. The 15 patients operated on for inter- 
mittent claudication in both groups achieved com- 
plete relief of their symptoms. 

Rest pain. Of the 16 patients undergoing FF bypass 
for incapacitating ischemic rest pain, 12 were com- 
pletely relieved, two experienced improvement of their 
symptoms, and two were unimproved and subse- 
quently required above-knee amputation. Eighteen pa- 
tients underwent AF bypass for ischemic rest pain. 
Thirteen were completely relieved, three patients 
experienced slight but definite improvement and were 
able to receive below-knee amputation rather than 
above-knee amputation, and two patients were un- 
changed and required above-knee amputation. 

Gangrene. Seven patients underwent FF bypass for 
gangrene: five healed their lesions and became asymp- 
tomatic, one patient had a below-knee rather than 
above-knee amputation, and one patient was un- 
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changed and required above-knee amputation. Of 20 
patients in the AF group 13 became asymptomatic, 
four had a below rather than above-knee amputation, 
two were unchanged and had above-knee amputation, 
and there was one operative death. 

Aneurysm. One patient underwent FF bypass for 
an iliac aneurysm and had an excellent result, i.e., the 
aneurysm thrombosed and the circulation to the leg 
remained normal. Five AF bypass operations were 
performed for abdominal aortic aneurysm. In three 
cases the aneurysm subsequently thrombosed. Three 
patients eventually died of complications of the 
aneurysm, and one patient died in the perioperative 
period. 

Infected aortic prosthesis. Two FF bypasses were 
performed for infected aorto-femoral grafts (one in a 
patient who also had rest pain). One patient did well 
but the other eventually required an A-K amputation. 
Neither patient experienced further infectious compli- 
cations. Nine AF procedures were performed for in- 
fected aortic prostheses. Two patients died in the im- 
mediate postoperative period but the others had an 
excellent result. 
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Fic. 5. Comparison of patency of axillary-femoral grafts constructed 
of woven, knitted, or weave-knit Dacron, showing superior patency 
of knitted prostheses. 
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Early complications. There were no postoperative 
complications in the FF group. In the AF series, there 
were eight complications: one axillary hematoma, one 
superficial groin infection, four cases of atelectasis, 
one case of pneumonia, and one myocardial infarction. 

Late complications. The late complications were 
either graft infection or graft thrombosis. In the FF 
group one patient developed a graft infection two years 
following operation. The infected prosthesis was re- 
placed with a venous allograft without further compli- 
cations. One other patient developed a graft infection 
three years postoperatively. He too was treated with a 
venous allograft, which was unsuccessful and he 
eventually went on to above-knee amputation. 

In the AF group, there were three infections occur- 
ring from two to 6 months following operation. All 
were treated by complete graft removal. There were no 
deaths, but two of the three patients eventually re- 
quired above-knee amputation. 

In each case in which a subcutaneous graft became 
infected, an infected ischemic lesion on the ipsilateral 
distal extremity was the primary indication for arterial 
reconstruction. 
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Fic. 6. Comparison of patency curves of axillary-unilateral femoral 
and axillary-bilateral femoral grafts determined by life table method, 
showing no significant difference. 
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Fic. 7. Comparison of patency curves of axillary-femoral bypass 


grafts of 10 mm diameter and those 8 mm diameter. There is 
no significant difference between the two curves. 


Patency. Late graft patency was evaluated by the 
life table method. In the FF series, 74% of the grafts 
remained patent for one year, 73% for two years, 66% 
for three years, and 53% for four years (Fig. 1). When 
the patency curve is compared to a similarly derived 
curve of patient survival it becomes apparent that the 
cumulative mortality rate exceeds the cumulative 
thrombosis rate (Fig. 2). 

Figure 3 shows that 50% of the AF grafts had 
thrombosed by the end of two years. Comparison of 
the patency curve with the survival curve for this 
group shows that they are almost identical (Fig. 4). 
The patency rate of the AF grafts was also analyzed 
with regard to the type of prosthetic material employed: 
a 50% incidence of thrombosis was reached at 36 
months with knitted Dacron; at 18 months with 
weave-knit Dacron; and at nine months with woven 
Dacron (Fig. 5). 

There was no statistically significant difference in 
late patency between unilateral axillary-femoral grafts 
and axillary-bilateral femoral grafts (Fig. 6). Neither 
were there significant differences in patency between 
8 mm and 10 mm grafts (Fig. 7). 
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Fic. 8. Comparison of survival of patients undergoing axillary- 
femoral and femoral-femoral bypass grafts to expected survival of 
age-matched population. 


Late survival. As previously noted, the average 
age of the patient population in each operative group 
was 66 years. Based upon U.S. actuarial statistics, 
the expected five year survival of caucasian males, 
age 66 is 80%. The five year survival was 42% in our 
FF group and 26% in the AF group (Fig. 8). 


Discussion 


Subcutaneous arterial bypass grafts were success- 
fully introduced clinically over 15 years ago for lower 
extremity revascularization in situations where con- 
ventional reconstructions involving the abdominal 
aorta were contra-indicated or ill-advised." Since 
then many surgeons have employed them preferentially 
because of the low morbidity and mortality with which 
they can be performed. Both clinical and laboratory 
studies have substantiated the ability of such grafts to 
provide essentially normal blood flow to the lower 
extremities. The major problem with these procedures 
noted in the present series, however, is unsatisfactory 
long term patency. In the case of the femoral-femoral 
grafts, the thrombosis rate is acceptably low. Although 
the cumulative patency of 53% at the end of four 
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years is lower than that reported in some othe 
series, *97? it exceeds the cumulative patient surviva 
rate. This reflects the high risk patients who made ur 
the majority of the present series. Furthermore, un 
like other series, once a graft thrombosed it was con 
sidered permanently thrombosed, even though patency 
was restored in 8 patients by graft revision and/oi 
replacement and 20 of the 33 (60%) patients had patent 
grafts at the time of death or conclusion of this study. 
Several patients have continued to do well for over 
eight years with multiple graft thrombectomies and/or 
replacements. 

The patency rate of axillary-femoral grafts was not as 
favorable as for femoral-femoral grafts. Only 5096 were 
patent at' the end of two years, and only 14 of the 4$ 
patients (29%) required no secondary revision. Never- 
theless, 35 of the 49 (71%) were still patent at the time 
of death of conclusion of this study. 

Several factors could account for the early thrombo- 
sis of these grafts, including external compression, 
inflow or outflow disease, length, diameter, and type 
of prosthetic materia] employed, and technical errors. 
The only variable identified by the present study 
which appears to significantly affect patency is the 
type of prosthetic fabrication. Patency of knitted 
Dacron is superior to woven or weave-knit grafts. 
This differs from an earlier study! in which we reported 
that 50% thrombosis was reached at 48 months with 
the weave-knit material compared to 18 months in this 
review. This discrepancy is due to the fact that the 
majority of weave-knit grafts studied at the time of the 
last publication were not yet 18 months old. This pre- 
mature analysis suggested a falsely high patency rate. 
In view of the results on longer followup, we no longer 
use, nor can we recommend weave-knit material for 
subcutaneous bypass grafting. We are currently evalu- 
ating the external velour graft. At this time, how- 
ever, there are not sufficient data to support a strong 
recommendation for its use. i 

Subcutaneous bypass grafts can provide adequate 
blood flow to the lower extremities, but the long term 
patency is considerably inferior to conventional aorto- 
iliac or aorto-femoral reconstruction.!^]^35 For 
example, the five year patency rate for aorto-bilateral 
femoral grafts in our institution is 85% (12). Therefore, 
subcutaneous grafts, and in particular, axillary-femoral 
grafts should not be considered as an equally good 
alternative method for lower extremity revasculariza- 
tion. They should be reserved for the management of 
infected aortic prostheses, to bypass intra-abdominal 
sepsis, to restore lower extremity circulation in poor 
risk patients with a limited life expectancy, and in 
selected patients with unilateral iliac artery occlusive 
disease. 
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Rapid Onset of Hand Ischemia of Unknown Etiology: 


Clinical Evaluation and Follow-up of Ten Patients 


GERALD M. BAUR, M.D., JOHN M. PORTER, M.D., EMIL J. BARDANA, JR., M.D., DAVID H. WESCHE, M.D., 


JOSEF RÓSCH, M.D. 


Ten patients presenting with a history of the acute onset of 
hand ischemia have undergone detailed clinical, immunologic, 
and arteriographic evaluation. The disease is characterized by 
the acute onset of hand ischemia proceeding to fingertip ulcera- 
tion, in the absence of recognized systemic disease. None of 
the patients had any evidence of large artery obstruction. 
Arteriography showed diffuse obstruction of the palmar and 
digital arteries. No evidence was found in any patient of any 
systemic disease process associated with small artery obstruc- 
tion. These patients are suspected of having a previously un- 
reported variant of hypersensitivity angiitis. Patients are left 
with permanent obstruction of the palmar and digital arteries. 
Follow-up suggests the disease is non-recurrent and is charac- 
terized by progressive clinical improvement associated with 
the development of collateral circulation. Conservative man- 
agement of the condition is recommended. 


AND ISCHEMIA IS MOST commonly seen in associa- 

tion with acute obstruction of the major arteries 
of the upper extremity. Usual causes include axillary 
artery embolization from the heart," embolization from 
a subclavian artery aneurysm in association with thor- 
acic outlet syndrome,’ progressive atherosclerotic ob- 
struction of the subclavian or axillary arteries,’ or ar- 
terial trauma. '?* 

A well characterized although uncommon cause of 
hand ischemia is diffuse obstruction of the small ar- 
teries of the hand and fingers. The most frequently 
encountered diseases which may cause obstruction of 
the small arteries of the hand are listed in Table 1. 

During the past four years, we have evaluated ten 
patients who developed the rapid onset of hand ische- 
mia due to extensive organic obstruction of the ar- 
teries of the hands and fingers. None of the patients 
had any obstruction of the arteries proximal to the mid- 
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forearm and none appeared to have any of the con- 
ditions listed in Table 1. No detailed clinical and labora- 
tory evaluation has been reported previously on a group 
of patients such as this. Our evaluation has failed to 
identify the precise etiology of this unusual condition, 
although a variant of allergic or hypersensitivity angiitis 
is suspected. A review of this syndrome, detailed 
evaluation of these patients, and the clinical follow-up 
to date forms the basis for this report. 


Patient Population 


Ten patients, 7 females and three males are included 
in the study (Table 4). All were evaluated in the Clini- 
cal Research Center at the University of Oregon Health 
Sciences Center. Age at onset of symptoms ranged 
from 15 years to 57 years (median 39 years). The time 
between the onset of the acute ischemic episode and 
our initial evaluation ranged from two weeks to 6 
years (Table 4). All patients lived in Oregon or Wash- 
ington at the onset of symptoms. 


Presenting Symptoms 


All patients complained of rapid onset of pain and 
cyanosis of the distal portions of the fingers. Many 
patients were able to give the exact date the event be- 
gan. Usually only one or two fingers of one hand was 
involved initially, but over the next several days most 
or all of the fingers became similarly involved. Ex- 
quisitely tender localized areas of fingertip necrosis 
followed within days of the onset of symptoms. No 
patient described malaise, fever, or skin rash suggest- 
ing an active systemic disease process. Four patients, 
however, developed arthralgias within 6 months of the 
onset of digital symptoms. 
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Associated Findings 


Eight patients were cigarette smokers. Four patients 
had symptoms of cold intolerance compatible with 
Raynaud’s syndrome prior to the acute ischemic event. 
Seven were on various medications for unrelated con- 
ditions prior to the onset of symptoms; four were taking 
no medications. No history of common drug or toxin 
exposure was found. One patient had occupational ex- 
posure to vibrating tools (chain saw operator) for 15 
years prior to the acute onset of symptoms. One pa- 
tient had an injection of tetanus toxoid followed by a 
rheumatic syndrome four months prior to the onset of 
finger ischemia. 


Clinical Evaluation 


The typical ischemic finger lesion presented as an ex- 
quisitely tender, darkly cyanotic area at the fingertip. 
The entire finger was moderately cyanotic in most pa- 
tients. Within several weeks the cyanotic skin at the 
fingertips became escharotic and the pain lessened. 
Over the next four to 6 weeks the finger cyanosis dis- 
appeared, followed by separation of eschar. A hyper- 
keratotic pit remained as evidence of previous necrosis. 
All 10 patients had evidence of past or present finger- 
tip ulceration on initial examination at this institution. 
Figure 1A is a hand photograph of one of the patients 
upon presentation; Figure 1B is the same patient four 
months later. 

With the exception of finger ischemia the physical 
examination was generally unremarkable. The brachial 
and radial pulses were present bilaterally in all patients 
while the ulnar pulses were normal to palpation in five 
patients. No patient had thoracic outlet syndrome, 
phlebitis, or cardiac irregularities. Arterial pulses in the 
legs were normal to palpation in all patients. 


Laboratory Evaluation 


Routine laboratory tests included complete blood 
count, sedimentation rate, multi-chem screen, compre- 
hensive immunologic assays (Table 2), x-rays of the 
chest and hands, IVP, UGI series and barium enema, 
digital plethysmography, nerve conduction tests, 
fluorescent antibody skin and muscle biopsies, and 
pulmonary function tests. Hand magnification arteriog- 
raphy was performed using the femoral artery ap- 
proach. Biopsy of an occluded ulnar artery was per- 
formed on two male patients. 

Laboratory evaluations showed a uniform absence 
of consistent abnormalities (Table 4). No patient pre- 
sented clinical or serologic signs diagnostic of connec- 
tive tissue disease. As expected, all involved fingers 
showed an obstructive pattern? on digital plethysmog- 
raphy. 
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TABLE 1. Etiology of Obstruction of Hand Arteries 





1. Collagen Diseases 
a. Scleroderma 
b. Rheumatoid Arthritis 
c. Systemic Lupus Erythematosus 
d. Polyarteritis 


N 


Allergic Necrotizing Arteritis 


3. Blood Dyscrasias 
a. Cold Agglutinins 
b. Cryoglobulins 
c. Polycythemia 


4. Ergot Intoxication 


5. Atherosclerosis 
a. Endarteritis Obliterans 
b. Buerger’s Disease 





Skin biopsies were taken from the forearm in seven 
patients. In three patients, the biopsy was entirely nor- 
mal; in the remainder the biopsy showed various ab- 
normal but non-diagnostic changes. Ulnar artery 
biopsy in one patient revealed thrombosis with re- 
canalization and an intact internal elastic lamina. The 
other ulnar artery biopsy showed fibrotic obliteration 
of the lumen. In neither biopsy were inflammatory 
changes present. 


Arteriography 


All 10 patients underwent hand magnification arteri- 
ography and all received 0.25 mg intra-arterial reserpine 
at the conclusion of the examination. Eight patients 
underwent repeat arteriography 48 hours later. The re- 
sults are listed in Table 3. Nine patients showed wide- 
spread small vessel disease of the hands and fingers. 
A representative arteriogram is shown in Figure 1C. 
Seven patients showed an associated marked attenua- 
tion of the palmar and digital vessels compatible with 
vasospasm. The one patient with no demonstrable or- 
ganic lesions had such significant vasospasm that ves- 
sels distal to the palmar arches could not be visualized. 

Forty-eight hours following intra-arterial reserpine, 
four of 8 patients showed angiographic evidence of 
increased blood flow and moderate relief of vasospasm. 
Two patients have had repeat hand arteriography after 
the initial evaluation; one at three months and one at 
four years, and neither showed progression of small 
vessel disease. In both patients finger blood flow ap- 
peared slightly improved associated with the formation 
of collateral vessels (Fig. 2). 


Treatment 


All patients received intra-arterial reserpine at arteri- 
ography. Based on our previous experience with the 
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Fic. 1.(A) Hands of female 
with rapid onset of hand 
and finger ischemia. Note 
the necrosis and eschar for- 
mation on the tips of the 
right thumb, index and long 
fingers. (B) Same patient 
three months later. All ne- 
crotic areas have healed; 
the extreme tip of the right 
long finger has sloughed. 
(C) Hand magnification ar- 
teriogram of same woman 
performed during initial eval- 
uation. The ulnar artery is 
absent, the distal radial ar- 
tery is obstructed, and there 
is extensive organic ob- 
struction of the proper dig- 
ital arteries. 








v y ` XdPa 


symptomatic treatment of patients with Raynaud's stressed, especially environmental protection and 
syndrome,'* all patients were treated with oral phen- prompt treatment of all minor hand injuries. Despite 
oxybenzamine and guanethidine, the dosage adjusted strong recommendations to abstain, only two of eight 
to tolerance or symptomatic relief. Local hand care was patients quit smoking. 
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Fic. IC. See legend for Fig. 1. 


Follow-up 


Follow-up has been from 7 months to 48 months 
with an average of 24 months. During this period, no 
patient has experienced progressive finger ischemia or 
any recurrent episode of acute digital ischemia. All 
ulcers have healed. Following the acute ischemic epi- 
sode, 8 patients have digital cold intolerance with color 
changes suggestive of Raynaud’s syndrome. 


Discussion 


Sporadic reports of isolated finger and hand ischemia 
have appeared in the past 50 years. Only a few have 
described cases of rapidly developing ischemic symp- 
toms without recognized underlying causes. 
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TABLE 2. Immunologic Tests Performed on all Patients 








Erythrocyte Sedimentation Rate 
Serum Protein Electrophoresis 
Immunoglobulin Electrophoresis 
Anti-Native-DNA 
Anti-Denatured-DNA 
Complement-3 

Complement-4 

Cryofibrinogen 

Cryoglobulin 


Cryocrit 

Cold Agglutinins 
Anti-Nuclear Antibody 
Rheumatoid Factor 
VDRL 

Direct Coombs 
Anti-Complement-3 
Anti-Immunoglobulin G 
LE Cell Prep x 2 








Lewis and Pickering! in 1934 presented two cases 
which appear to be similar to those described in this 
report. One was a 10-year-old girl with acute onset of 
distal, symmetrical gangrene of all 10 fingers without 
antecedent disease. Following digital autoamputation 
the patient did well over a five-year follow-up period 
without evidence of recurrent episodes. Raynaud's 
syndrome followed the initial episode. The other pa- 
tient, a 20-year-old female, had a similar non- 
contributory history and the rapid development of pain- 
ful, cyanotic fingers over several days which led to 
gangrene and autoamputation. She too eventually 
healed without recurrence of symptoms. Jepsen" in 
1956 described 11 patients with widespread small ves- 
sel occlusive disease of the hands; 7 of these patients 
had no recognized associated illnesses. Follow-up 
evaluation to 15 years indicated total recovery with no 
further ischemic episodes. Jepson pointed out the self- 
limiting and non-recurrent nature of the condition. 

In 1970, Dale? described 21 patients with widespread 
organic occlusion of hand arteries, some of whom may 
be similar to our patients. He did not describe the 
nature of onset of symptoms or whether associated 
diseases were present. Twelve of the patients under- 
went surgical sympathectomy with good results. 
Bergan’ in 1971, reported three patients with the acute 
onset of hand ischemia "the etiologies of which defied 
classification". Multiple stellate ganglion blocks and 
oral vasodilators were used with relief of symptoms 
and eventual healing of finger ulcerations. 

None of the 37 patients described by the above in- 
vestigators had detailed immunologic testing per- 
formed. Although the patients appear similar to the 10 
patients described in this report, it is impossible to be 
certain that some of the patients did not have one of 
the associated conditions listed in Table 1. 

Two conditions which may produce widespread hand 


TABLE 3. Results of Arteriography 





Widespread organic obstruction of digital vessels 
Major artery obstruction, radial or ulnar 
Evidence of thrombosis and recanalization 
Significant improvement in flow after reserpine 
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188 


BAUR AND OTHERS 


Ann. Surg. e August 1977 

















TABLE 4. 
Duration Raynaud's Raynaud’s 
of Sx Syndrome Syndrome Recur- 
Prior to Before To- Ar- Finger After rence of Follow- 
Evalua- Ischemic bacco  thral- Immunologic Ulcera- Ischemic Ischemic up to 
Pt Age Sex tion Event Use gias Abnormalities tion Event Episodes Date 
52 F 3 mo. = + + None + = = 14 mo. 
2 42 F 4 mo. + + = Trace cryofibrinogen & + + = 31 mo. 
cryoglobulin 
3 57 F 18 mo. -= + -= Elevated IgA + + = 36 mo. 
4 33 M 2 wks. = + + Elevated alpha globulins + + = 11 mo. 
5 44 M 2 mo. — + + Trace cryofibrinogen + + — 48 mo. 
6 22 F 2 mo. - - — Positive ANA, Elevated + + = 7 mo. 
IgM, Decreased C, 
7 32 F 3 mo. — + + Decreased C; + + -— 28 mo. 
8 21 M 6 yrs. + + = None + + = 12 mo. 
9 F 3 mo + = Elevated alpha 2 globulin + + = 46 mo. 
decreased C, Trace 
cryofibrinogen 
10 39 F 2 mo. = + = None + — = 9 mo. 





arterial obstruction are Buerger’s disease and arterio- 
sclerosis obliterans. Buerger’s disease usually pro- 
duces the initial symptoms in the lower extremities of 
cigarette smoking males, frequently with antecedent 
phlebitis.'* The disease is progressive unless smoking 
is discontinued. Most of our patients were female, none 
had a history of phlebitis, none had lower extremity 
involvement, and the disease did not recur or progress 
even though only two of the eight cigarrette smokers 
ceased to use tobacco. Biopsies of two involved ves- 
sels did not show changes consistent with Buerger's 
disease. Thromboangiitis obliterans in females con- 





Fic. 2. (A) The left photo is an angiogram of a 44-year-old male 
with rapid onset of digital ischemia. There is an ulcer on the index 
finger and atrophy of the tips of the other fingers. Note the absence 
of the ulnar artery, thrombosis with recanalization of the radial artery 
at the wrist and marked organic obstruction of the common and 
proper digital arteries. (B) The arteriogram on the right was taken 
three years later. The patient is asymptomatic. Blood flow to the 
fingers has increased due to increased collateral circulation. 





fined exclusively to the fingers has not been reported 
to our knowledge. 

Obstruction of the hand arteries by typical arterio- 
sclerosis obliterans has not been described in young 
females. In a detailed autopsy study of 94 patients, 
Laws! showed that organic arterial obstruction of the 
hands without associated disease did not occur before 
the age of 50. Beyond age 50, men were affected 
earlier than women. Most of our patients were women 
and only two were over 50 years of age. The age, sex, 
and absence of arterial obstruction of the lower ex- 
tremities makes the diagnosis of arteriosclerosis 
obliterans most unlikely in the present group of pa- 
tients. 

Auto-immune disease was strongly suspected in- 
itially as the etiology of the small artery occlusions in 
these patients. Rapidly progressive digital gangrene has 
been reported secondary to arteritis associated with a 
number of auto-immune diseases. 

Three types of arteritis have been described in as- 
sociation with rheumatoid arthritis,” and may cause 
digital ischemia. All reported patients, however, have 
been rheumatoid factor sero-positive. None of the pa- 
tients in this series had a positive rheumatoid factor. 
Systemic lupus erythematosus may also be associated 
with significant arteritis and digital gangrene.® Sclero- 
derma is typically associated with digital vasospasm 
and ischemia secondary to arteritis and loss of capil- 
lary loops.!® Polyarteritis nodosa may produce digital 
gangrene although it is unusual with this disease.'? 
None of the patients in this report presented clinical 
or laboratory evidence for any connective tissue dis- 
ease. 

Cold agglutinin disease, cryoglobulinemia, cryo- 
fibrinogenemia, polycythemia, leukemia, and thrombo- 
cytopenic purpura have all been reported to cause 
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digital ischemia. None of the present patients presented 
any evidence for any of these conditions. 

Ergot intoxication!" and heavy metal ingestion may 
cause peripheral ischemia and gangrene. The lower 
extremities are usually involved to a greater degree 
than the upper extremities. One of our patients had 
used an ergot preparation in the past for migraine head- 
aches, but denied its abuse. None had a history of 
drug abuse. Immune vasculitis involving Hepatitis B 
antigen-antibody complex formation has recently been 
found to result in acute finger vasospasm and infarc- 
tion of fingertips." None of our patients had hepatitis- 
associated antigen determination; however, none has 
developed any symptoms of hepatitis in follow-up. 

The rapidity of onset of hand ischemic symptoras fol- 
lowed by progressive healing without recurrence 
makes this group of patients stand clearly apart from 
the large majority of patients with hand ischemia. The 
clinical course of the disease follows a pattern similar 
to immune vasculitis but without the systemic toxicity.‘ 
Although biopsies of the skin and two arteries were not 
diagnostic, this is not unusual in vasculitis. Antigen- 
antibody complexes within vessel walls may be de- 
stroyed within 24 hours of their deposition due to in- 
flammation and necrosis. Within a few days, the lesions 
show only non-specific changes, followed by fibrosis.?? 

Although only four patients had prior histories of 
cold intolerance compatible with Raynaud’s syndrome, 
eight patients now have typical cold sensitivity. This 
does not imply any pre-existing arterial hyper- 
reactivity. A normal vasoconstrictive response to cold 
acting upon an artery with decreased luminal pressure 
caused by mechanical obstruction may exceed critical 
closing pressure and produce the typical clinical picture 
of Raynaud’s syndrome.!975, _ 

We treated these patients with long term oral gua- 
nethidine and phenobenzamine in an effort to achieve 
vasodilatation, based upon our previous favorable ex- 
perience with the use of these drugs in the symptomatic 
treatment of patients with Raynaud's syndrome. How- 
ever, there is no firm evidence that the use of these 
drugs favorably affected the clinical course of these 
patients. 

Based upon our experience with these patients, we 
suggest a physician treating a patient with the acute 
onset of hand ischemia with normal brachial and radial 
arterial pulses conduct a detailed investigation for the 
presence of any of the conditions listed in Table 1. 
If any is found, treatment directed to the underlying 
condition is indicated. If no associated disease is found, 
it is likely the acute ischemic event will spontaneously 
improve and will not recur. Treatment with guaneth- 
. idine and phenoxybenzamine may be of some benefit. 
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The role of surgical sympathectomy in the treatment 
of these patients is not defined by this study. 
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The Cerebrovascular Doppler Examination In Patients With 


Non-hemispheric Symptoms 


WILLIAM H. BAKER, M.D.,* ROBERT W. BARNES, M.D. 


The cerebrovascular Doppler examination indicated a sig- 
nificant stenosis in only 19 of 53 patients with non-hemispheric 
TIA's. There were no false negative or false positive examina- 
tions. Fourteen of 19 patients with an abnarmal examination 
and 23 of 31 patients with a normal examination became 
asymptomatic after a carotid endarterectomy. Eleven patients 
were improved and two were unchanged. Therefore the 
cerebrovascular Doppler examination can not be used to predict 
therapeutic success or failure of carotid endarterectomy for 
non-hemispheric TIA's. 


TRANSIENT ISCHEMIC ATTACK (TIA) is a neuro- 
logic deficit that lasts less than 24 hours. Uni- 

lateral paresis, unilateral paresthesias or anesthesia, 
aphasia and moncular blindness are hemispheric or 
carotid territory. symptoms. Patients with neurologic 
symptoms other than hemispheric are categorized as 
having non-hemispheric symptoms. Non-hemispheric 
symptoms include vertigo, ataxia, diplopia, bilateral 
visual blurring, bilateral paresthesia or paresis, dys- 
arthria, dizziness, syncope, drop attacks (the sudden 
loss of strength in the legs causing the patient to fall 
to the ground that involves no real loss of conscious- 
ness and a rapid return of strength), headache and con- 
fusion. 

Hemispheric TIA's are alleged to be due to emboli 
of atheromatous debris or.thrombosis, whereas non- 
hemispheric TIA's are alleged more often due to di- 
minished flow.® 

The complete cerebrovascular Doppler examination 
evaluates an internal carotid artery stenosis by moni- 
toring flow patterns of the supraorbital or frontal artery. 
This non-invasive examination is 9596 accurate in diag- 
nosing a severe stenosis (7596) or occlusion in the 
ipsilateral internal carotid artery.! 

Ford et al. have demonstrated that carotid end- 
arterectomy is an affective treatment for non-hemi- 
spheric TIA's in selected patients, presumably due to 
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increasing blood flow. Logically it follows that patients 
with non-hemispheric TIA's (symptoms secondary to 
diminished flow) and an abnormal cerebrovascular ` 
Doppler examination (i.e., abnormal flow in the carotid ` 
artery) would predictably benefit from a carotid end- 

arterectomy (an operation which reestablished normal 

blood flow patterns). Conversely, patients with a 

normodirectional carotid blood flow (normal Doppler . 
examination) might not achieve the same degree of 

symptom relief following carotid endarterectomy. To 

test this hypothesis, the following study was done. 


Methods and Materials 


All patients in whom a preoperative carotid Doppler 
examination was performed and who had a carotid end- 
arterectomy for non-hemispheric TIA’s between 1973 
and 1976 were retrospectively reviewed. Twenty-seven 
of the 53 patients in this study were part of a previous 
report concerning non-hemispheric TIA's.* 

The age of the patients ranged from 44 to 84 with a 
mean of 65 years. Twenty-seven patients had non- 
hemispheric symptoms only, while 23 had hemispheric 
plus non hemispheric symptoms. The most common 
symptom of non hemispheric TIA was dizziness. Less 
frequent manifestations included drop attacks, syn- 
cope, visual blurring, dysarthria, unsteady gait, vertigo 
and headache. Fourteen of the patients had more than 
one presenting symptom (Fig. 1). 

‘Our revision of Brockenbrough's? cerebrovascular 
Doppler examination has been previously described. 
Normally ophthalmic artery flow is out of the orbit via 
its three main branches, the frontal, supraorbital, and 
nasal arteries. These arteries supply a portion of the 
forehead and anastomose with the superficial temportal 
artery, a branch of the external carotid artery. If a 
greater than 7596 stenosis exists at the origin of the 
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SYMPTOMS 

Dizziness 

Drop Attacks 
Syncope 
Visual Blurring 


Dysarthria 





NUMBER OF PATIENTS 


Fig. 1. Dizziness was the most frequent symptom in these 53 pa- 
tients with non-hemispheric TIA’s. 


internal carotid artery, the external carotid-internal 
carotid collateral pathway becomes functional. Blood 
flows antegrade up the superficial temporal artery, then 
retrograde in the frontal artery and ophthalmic artery 
to supply the distal internal carotid artery. The source 
of the collateral flow may be via the facial artery or the 
like-named contralateral arteries. 

A directional Doppler* is placed over the frontal 
artery. Forward (out of the orbit) or reversed (into 
the orbit) flow is recorded. The superficial temporal 
artery is next compressed. Normally the forward flow is 
augmented or not changed, but if the external carotid- 
internal carotid collateral via the superficial temportal 
artery is functional, the flow will diminish, be abol- 
ished, or revert to a normal direction. The facial artery 
and common carotid artery low in the neck are likewise 
tested. Contralateral compression of each of the above 
arteries will be necessary to detect contralateral 
sources of collateral circulation. The procedure is then 
repeated with the probe over the contralateral frontal 
artery. 


Results 
Arteriogram 


All of the patients were evaluated angiographically 
from two oblique views of an arch aortogram (Table 1). 
The carotid stenosis which was operated upon ranged 
from 30% to 95% with a mean stenosis of 79%. Almost 


* Model 806, Park Electronics Laboratory, Beaverton, Oregon. 
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TABLE 1. Associated Arteriographic Findings 





Contralateral Carotid Occlusion 11 patients 


Contralateral Carotid Stenosis > 70% 4 patients 
Unilateral Vertebral Stenosis > 70% 10 patients 
Bilateral Vertebral Stenosis > 70% | patients 





one-third of the patients had a 70% or greater stenosis 
of the contralateral internal carotid artery, 20% had a 
stenosis of one vertebral artery, and only one patient 
had stenosis of both vertebral arteries. 


Doppler Examination 


The Doppler examination was abnormal in 19 of the 
53 patients. Nine patients had a complete occlusion of 
the internal carotid artery and a 75% or greater stenosis 
was present in 10 patients. There were no false-negative 
or false-positive examinations. 


Operation 


Fifty-five carotid endarterectomies were performed 
in 53 patients. General anesthesia and no internal 
shunts were used with no operative (30 day) deaths 
nor neurologic sequelae. 


Clinical Results 


Three of the patients died relatively early in the 
follow-up period and are not included in the analysis. 
One died at 6 weeks after aortofemoral reconstruction, 
one died at two months of unknown causes, and one 
died at 6 months of carcinoma of the lung. 

Fifty patients were followed from two months until 
36 months with a mean of 11 months. Thirty-seven 
patients (74%) were asymptomatic, 11 were improved 
(22%) and two were unchanged (492). 

The preoperative carotid Doppler examination was 
not predictive of therapeutic success or failure. Four- 
teen of 19 patients with an abnormal Doppler examina- 
tion and 23 of 31 patients with a normal examination 
became asymptomatic during the follow-up period 
(Table 2). 

Five patients with an abnormal Doppler examination 
were improved but not asymptomatic. One had a pace- 
maker and one was asymptomatic initially but devel- 
oped a bruit suggestive of recurrent carotid stenosis. 


TABLE 2. Symptomatic Improvement Related to Preoperative 
Doppler Examination 








Normal Abnormal 

Doppler Doppler 
Asymptomatic 23 14 
Improved 6 5 
Unchznged 2 0 
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Three have no explanation for their satisfactory but 
less than perfect result. None had a contralateral ca- 
rotid stenosis or occlusion on the initial arteriogram. 

The two unimproved patients with episodic dizziness 
had a carotid stenosis of approximately 50%. The Dop- 
pler examination in both was normal. Neither had any 
other cerebrovascular lesion. 


Discussion 


Previously we have reported complete symptom re- 
lief in 67% of patients and improvement in 28% of the 
patients with non-hemispheric TIA’s.* The results of 
this series are comparable to the findings of our former 
study. 

Most non-hemispheric symptoms are believed to be 
due to vertebrobasilar insufficiency, but there is some. 
debate as to whether or not dizziness is vertebrobasilar 
or cerebral in origin. Nonetheless, the presence or 
absence of a vertebral artery lesion does not influence 
the clinical relief of non-hemispheric symptoms fol- 
lowing carotid endarterectomy.’ It is assumed that 
clinical improvement in the presence of a vertebral 
artery lesion is due to increased collateral flow via the 
circle of Willis. 

The failure of a preoperative carotid Doppler examina- 
tion to more accurately predict therapeutic success fol- 
lowing a carotid endarterectomy is not totally surprising. 
The carotid Doppler examination ‘accurately assesses 
flow in the internal carotid artery but does notassess to- 
tal brain blood flow. In addition, it cannot assess the ade- 
quacy of the circle of Willis as a collateral pathway. 
Finally, the test is performed under conditions of rest 
whereas many patients have symptoms associated with 
general activity or changes in head or body position. 

The exact role of the Doppler cerebrovascular ex- 
amination remains to be defined. Bone and Barnes? 
demonstrated that it cannot be used to screen patients 
with hemispheric (carotid territory) TIA's, for a source 
of an embolus that does not alter flow will be missed. 
They suggested that the Doppler examination may 
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screen patients for correctable carotid lesions asso 
ciated with non-hemispheric symptoms, but the presen 
study does not support that recommendation. 

In a patient with bilateral carotid. stenosis, a pre 
operative Doppler examination may be of value ii 
selecting which lesion should be repaired. first. It seem 
logical that the lesion that alters fow should be cor 
rected first, but this hypothesis has never been teste 
in a clinical study. Postoperatively we use the Dopple 
to detect immediate and delayed thrombosis, both i1 
symptomatic and asymptomatic patients. The test is at 
excellent method for collecting data concerning the 
long range patency of carotid endarterectomy. 

Finally, the Doppler may be of value i in predictin; 
which patients with asymptomatic bruits are most ap 
tó become symptomatic. The technique may not sepa 
rate out the patient who will become symptomatic fron 
emboli, but it should identify the patient who will de 
velop hemispheric symptoms due to altered carotic 
flow. However, for patients with symptoms, 'eithe 
hemispheric or non-hemispheric, we would recom 
mend contrast arteriography to define the presence o 
an operable cerebrovascular stenosis. 
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A Fluorometric Study of Oxidative Metabolism in the In Vivo 
Canine Heart During Acute Ischemia and Hypoxia 


STEPHEN A. MILLS, M.D., FRANS F. JOBSIS, PH.D., ANTHONY V. SEABER 


Optical techniques for monitoring the fluorescence of intra- 
mitochondrial nicotinamide adenine dinucleotide (NADH) were 
employed to allow an on-line, non-invasive study of the 
metabolic state of healthy and ischemic cardiac tissue in the in- 
tact dog. Acute interruption of blood flow to the area of myo- 
cardium studied resulted in an immediate rise in NADH, in- 
dicating impairment of oxidative metabolism due to limitation 
` of oxygen availability. Release of the coronary artery occlu- 
sion resulted in an oxidation of NADH to preocclusion base- 
line and signaled repayment of incurred O, debt. Collateral 
flow produced a spontaneous fall in NADH levels towards pre- 
occlusion baseline. Hypoxic tissue was recognized by an oxida- 
tion of NADH on ventilation with 100 per cent O,, while in 
normal hearts no oxidation indicated that O, was not rate 
limiting. Ischemic NADH increases preceded the onset of epi- 
cardial EKG changes, suggesting that an inability to re- 
phosphorylate ADP to ATP is the primary cause of the EKG 
changes. Fluorometry of the iz vivo heart provides a sensitive, 
continuous technique of monitoring cardiac cellular mito- 
chondrial NAD;NADH redox levels and, therefore, the 
adequacy of high energy phosphate production and allows 
localization of cardiac tissue with marginal oxygen supply. 


VAST BODY OF INFORMATION exists concerning the 

metabolic changes associated with ischemic myo- 
cardium. However, the time course of these changes 
. remains uncharted. Sudden occlusion of a coronary 
artery in the dog results in reduced arterial flow to the 
myocardium supplied by this artery. If the reduction in 
flow is sufficient to induce hypoxia, then the metab- 
olism of the muscle shifts from the aerobic to the 
anerobic form with a reduction of ATP produced per 
unit time. After 10 to 15 seconds of reduced flow, the 
affected myocardium becomes cyanotic, EKG changes 
appear, and contractility decreases. While the shift to 
anerobic metabolism produces an accurate indicator of 
the inadequacy of cardiac cellular oxygen supply, the 
methods used to monitor cardiac metabolism such as 
arterovenous oxygen and lactic acid differences have a 
slow time constant and are indirect. A rapid, accurate 
monitor of the metabolic state of a local area of cardiac 
tissue could be of prime importance in the evaluation of 
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interventions designed to increase local oxygen supply, 
reduce oxygen demand, and maintain viability of 
marginal cardiac tissue. . : 
Such a model has been developed using optical tech- 
niques for monitoring the fluorescence of intra- 
mitochondrial nicotinamide adenine dinucleotide 
(NADH), modified to allow on-line study of the meta- 


bolic state of dog cardiac tissue in vivo. The efficacy’: 


of fluorometry as a technique is due to the fact that." 
the reduced form of intramitochondrial NADH flug- 


resces when illuminated with light in the region, of 
its absorption maximum (340 + 35 nm), whereas thé, 
oxidized form does not. Therefore the intensity of the 
emitted light, measured at 465 nm, varies in different 
metabolic states. T 
This paper demonstrates fluorometric signals ob- 
tained from the in vivo dog heart during acute ischemia 
and hypoxia. The recognition of specific areas of anoxic 


and damaged myocardium tissue as well as the meta-. 
bolic effect of collateral blood flow to ischemic myo- 


cardium is demonstrated. 


Methods 
Animal Preparation 


Twenty mongrel dogs of both sexes, weighing 16 to 
30 kg, were anesthetized with intravenous sodium thia- 
mytal (30 mg/kg). Respiration was maintained through a 
cuffed endotracheal tube connected to a Harvard res- 
pirator using room air. A left thoracotomy was per- 
formed through the fourth interspace and the heart was 
suspended in a pericardial cradle. The left anterior de- 
scending (LAD) and the left circumflex (LC) coronary 
arteries were dissected free at their origin from the left 
main coronary artery and each encircled with a snare 
to permit intermittent occlusion. An epicardial elec- 
trode was placed on the anterior wall of the left ven- 
tricle in an area of the myocardium supplied by.the 
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Fic. 1. Block diagram of the compensated differential microfluorom- 
eter used for measurement of NADH reduction level in intact 
canine heart. Light from the water-cooled mercury arc lamp is trans- 
mitted through a heat filter (not shown) to remove IR radiation and 
is then passed through the primary filter (F) to select light in the 
366 nm region. A small fraction of that light passes to the regulating 
photo-multiplier (PM#1). The excitation light is focused as a cone 
onto the epicardium. Diffusely reflected excitation light and emitted 
fluorescence are divided by the beam splitter and measured after 
passage through the secondary filters, F, or F;, which allow pas- 
sage of the 366 nm and the 465 nm regions respectively. 


diagonal branches of the LAD. Electrodes were also 
placed in the right and left legs. These electrodes were 
connected to a Tektronix Model 5103N ‘‘memory” 
oscilloscope to allow monitoring of the epicardial elec- 
trocardiogram. Recording of the electrocardiogram 
was done with a Polaroid CR-9 Land camera. A circu- 
lar quartz window, 2 mm thick, was then attached by 
a screw mount to the microscope lens of the fluorom- 
eter so that the window was 33 mm from the lens. 
The quartz window was then positioned over the myo- 
cardium so as to limit major cardiac movements 
towards and away from the microscope objective. The 
area of myocardium studied was the anterior surface of 
the left ventricle. 


Description of Fluorometer 


The microfluorometer used was basically identical to 
that described by Jóbsis and Stainsby and diagrammed 
in Figure 1.!? Light from a water-cooled 1000 watt 
mercury arc lamp is passed through a heat filter and a 
366 nm filter (30 nm bandwidth) and focused on the left 
ventricular myocardium beneath the quartz window by 
means of the epillumination attachment of the micro- 
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scope (Leitz, Wetzlar, Germany). With this excitation, 
mitochondrial NADH fluoresces with a broad maxi- 
mum at 465 + 25 nm. Light from a field of 3 mm di- 
ameter was collected by a 3.8x objective lens (focal 
length of 3 mm) and was passed through a 95/5% beam 
splitter after passing through the ocular lens system. 
The 95% fraction was passed through a 465 + 30 nm 
widepass interference filter to select the fluorescent 
light. The 596 fraction was passed through a 366 nm 
filter to select the ‘‘reflected’’ excitation light, i.e. dif- 
fusely backscattered out of tissue. Fluorescence and 
reflectance were detected with an end-window photo- 
multiplier (EMI, Plainview, NY). The labile com- 
ponent of this fluorescence is due to mitochondrial 


-NADHé and, therefore, changes of its intensity would 


be a result of changes of the concentration of this co- 
enzyme in the reduced state. 

A third photo-multiplier compensates for fluctuation 
of the light intensity by measuring the output of the 
mercury arc lamp at 366 nm (through feedback to the 
high voltage source supplying all three photo- 
multipliers). . ; 

The output of the photo-multipliers measuring fluo- 
rescence and reflectance was amplified and displayed 
on two channels of a Beckman-Offner dynograph. In 
some cases, the difference between the fluorescence 
and reflectance was also recorded while in others it was 
calculated. 


Experimental Procedure 


At the beginning of each experiment the output of the 
photo-multipliers was adjusted to equal amplitude. 
Thus, the reflectance and fluorescence signals dis- 
played equal changes at equal gain. Changes in tissue 
NADH level affected only the fluorescence signal, 
while changes in blood content of the field affectec 
both fluorescence and reflectance signals. Thus, the 
reflectance signal monitored changes in blood conten: 
in the field of observation. The measurement of re- 
flectance also provided a warning about gross motior 
of the field. 

Changes in NADH and blood volume are referred 
to in the text as percentage changes and are com- 
puted in the following manner: 10096 is defined as the 
difference in photo-multiplier output without light 
reaching the photo-multiplier (dark current, i.e. zero 
fluorescence and reflectance) to output with full re- 
flected and fluorescent light from the tissue at control 
conditions (100 per cent fluorescence and reflectance). 
This 100% level is set equal for both reflectance anc 
fluorescence channels, by trim pots on the high voltage 
supplying each photo-multiplier and by adjustment o! 
the gains in the two recording channels. The gain i: 
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Fic. 2. A typical fluores- 
cence and reflectance re- 
sponse to a 50 second oc- 
clusion of the left anterior 
descending coronary artery. 
Fluorescence is shown at 
the top while corrected fluo- 
rescence (F-R) is at the bot- 
tom. the fluorescence and 
reflectance traces are orig- 
inal records, the F-R trace 
was calculated. 


50% full scale 


then increased at the polygraph with amplifiers, so that 
full scale defiection represents one-tenth the total sig- 
nal. Changes in fluorescence and reflectance of less 
than one per cent can be detected. NADH changes in 
per cent, as used in the text, are computed as per 
cent changes in fluorescence minus per cent changes 
in reflectance. 

Following positioning and calibration of the fluorom- 
eter over the previously prepared heart, a period of 
20 to 30 minutes rest was allowed to ensure stable 
baseline fluorometric signals. The left anterior descend- 
ing coronary artery was then occluded for 50 seconds. 
A 15-minute period was allowed between each inter- 
vention. The left circumflex artery was then occluded 
for 50 seconds and finally both the left circumflex and 
left anterior descending coronary artery were simul- 
taneously occluded for 30 seconds. 

Each animal was then ventilated for 10 minutes with 
each of the following gas mixtures: 100% O;, 15% Oz- 
85% Nz, 10% O,-9096 No, 5% 0,-95% No. 

In 8 animals, the left anterior descending coro- 
nary artery was occluded for 40 minutes. In three of 
these animals, ventricular fibrillation occurred during 
the occlusion; in three, ventricular fibrillation followed 
release of the occlusion and in two, regular cardiac 
rhythm persisted throughout occlusion and release. 

Each experiment not complicated by ventricular 
fibrillation was terminated by stopping respiration. 


Results 


Fluorescence Response to Occlusion of Left Anterior 
Descending Coronary Artery 


A typical fluorescence and reflectance response to a 
50-second occlusion of the left anterior descending cor- 
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Fluorescence 
increase 


Reflectance 
increase 


F-R | 
increase 


30 sec 


onary artery is shown in Figure 2. The fluorescence 
signal shows an increase of 35% immediately upon 
LAD occlusion and rose to a maximal value 45 seconds 
after occlusion. In terms of NAD, this increase indi- 
cates an increase in the reduced form of this co- 
enzyme. Release of the LAD occlusion resulted in a 
prompt and rapid return over a 10-second period. In 
terms of NAD, this represents an oxidation. The re- 
flectance trace in Figure 2 shows a temporary in- 
crease of 5% during the LAD coronary artery oc- 
clusion, then returns to baseline, followed by a 2% 
decline after release and a subsequent return to base- 
line. Frequently, an overshoot of the fluorescence sig- 
nal would occur before the final return to baseline; how- 
ever, the corrected fluorescence record (F-R) (Fig. 2) 
reveals this to be the result of reflectance changes. 

When the anterior aspect of the left ventricle was 
supplied entirely by either the LAD or LC coronary 
artery and that artery was occluded, the qualitative 
changes were always similar in the F-R signal. The 
magnitude of the fluorescence response varied from 
animal to animal. Repetition, however, was obtained 
within each experiment. Animal to animal variation in 
fluorescence signal magnitude is probably accounted 
for by variations in the number of mitochondria, 
amount of connective tissue and blood vessels within 
the field of study, as well as varying positions of the 
epilluminator and microscope objective. 

It is more important to emphasize that the reflectance 
changes are more variable than the fluorescence 
changes, both quantitatively and qualitatively. Major 
shifts in the field tend to affect the reflectance signal 
more grossly and unpredictably. In some cases, little 
observable change occurred in refiectance. However, 
in all cases in which reflectance responses were. pres- 
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ent, the changes exhibited entirely different kinetics 
compared with fluoremetric effects. Figures 2, 3 and 6 
show results from different dogs demonstrating the re- 
flectance either increased, decreased, or showed little 
change, whereas fluorescence changes were always in 
the same direction. Kinetic differences between fluo- 
rescence and reflectance transients excluded a direct 
correlation of the fluorescence patterns with changes in 
the reflectance pattern. 

In two animals in which coronary artery occlusion 
was maintained for 40 minutes, the fluorescence in- 
crease persisted following release of the occlusion. This 
would indicate that myocardial mitochondrial damage 
had occurred. 

Coagulation necrosis of the area studied using a cryo- 
probe resulted in loss of previously obtained fluores- 
cent signals in response to left anterior descending 
coronary artery ligation. 


Effect of Collateral Blood Flow 


When the area of the left ventricular myocardium 
selected for study received blood from both the LAD 
and LC coronary arteries, a typical fluorescence pat- 
tern response to sequential ligation of first the LAD 
and then the LC coronary artery appeared (Fig. 3). 
Occlusion of the LAD resulted in an increase of ap- 
proximately 3.5% in the fluorescence signal. However, 
over a 17-second period, this fell towards the preoc- 
clusion baseline. Occlusion of the LC coronary artery 
at this point caused a rapid rise of 5% in the fluores- 
cence signal to a new sustained steady state level. 
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f Fic. 3. The area of the 
increase 


left ventricular myocardium 
studied in this record was 
between the LAD and LC 
coronary arteries. Sequen- 
tial ligation of first the LAD 
and then the LC demon- 
strates collateral flow from 
the LC coronary artery as 
manifested by a spontane- 
ous fall in the F-R record 
before occlusion of the LC 
coronary artery results in a 
maximal steady level of 
fluorescence change. 


Reflectance f 
increase 


F-R | 
increase 


Simultaneous release of both vessels resulted in the 
typical return to baseline. These changes seemed to 
indicate that this particular area of myocardium, once 
deprived of its LAD coronary artery flow, rapidly 
achieved a new source of flow from the LC coronary 
artery. Occlusion of both vessels resulted in total dep- 
rivation of blood flow and, hence, of oxygen, thus pro- 
ducing a sustained steady state reduction of NADH. 


Fluorescence and Epicardial Electrocardiogram 
Changes Following Occlusion of Left Anterior 
Descending and Left Circumflex Coronary Arteries 


Figure 4 shows a fluorescence pattern resulting from 
simultaneous occlusion of the LAD and LC coronary 
arteries. A maximal increase in fluorescence signal ol 
6% is attained. Epicardial EKG records taken immedi- 
ately pre- and post-occlusion were similar. Fifteen 
seconds after occlusion, the muscle appeared cyanotic 
with poor contraction. The first EKG changes, con- 
sisting of ST segment lowering, were detected 45 
seconds after occlusion. These occurred well after a 
new steady state level of increased fluorescence had 
been achieved. The fluorescence signal returns to base- 
line 19 seconds after release of the occlusion, but the 
EKG remained abnormal. The EKG returned to normal 
49 seconds after release of the occlusion, well after 
the fluorescence signal. In some experiments, no epi- 
cardial EKG changes were noted while fluorescent 
changes were always present. However, in all cases 
in which EKG abnormalities occurred, the time of on- 
set post occlusion came well after marked increase 
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Fic. 4. Simultaneous re- 
cording of the fluorescence 
signal and the epicardial 
electrocardiogram. The first 
EKG abnormalities, con- 
sisting of ST segment low- 
ering, occur well after a 
new steady state level of in- 
creased fluorescence has 
been achieved. The EKG 
reverted to preocclusion 
control well after the fluo- 
rescence signal had re- 
turned to baseline. 


20% full scale 


in the fluorescence pattern was noted and reversion of 
EKG -changes to pre-occlusion patterns always oc- 
curred well after the fluorescence pattern had returned 
to baseline. 

‘In three animals, ventricular fibrillation occurred 
during the course of a 40-min left anterior descending 
coronary artery occlusion. In each animal, the fluo- 
rescence signal increase persisted, indicating continued 
reduction of NADH following release of the occlusion. 
In three animals, ventricular fibrillation followed re- 
` lease of the occlusion. In each, a rapid fall in fluores- 
cence, indicating an oxidation of NADH following re- 
lease of the left anterior descending coronary artery 
occlusion, was followed by a maximal increase in fluo- 
rescence (indicating reduction) coincident with the 
onset of ventricular fibrillation. 


Effects of Ventilation with 100% O,, 15% Or85% Ng, 
10% 0,9096 N, and 5% O.-95% N, on Fluorescence 
Signal 


When animals were ventilated for 10 minutes with 
. each of the following gas mixtures, 100% Oz, 15% Os- 


5% 02 


| 


Fic. 5. The effect of ven- 
tilation with 5 per cent O, 
is seen as an increase in the 
fluorescence level which 
slowly returned to baseline 
after re-establishment of 
ventilation with room.air. 
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85% No, 10% O,-90% Ne, no deviation from baseline 
was observed in the fluorescence signal. This indicates 
that oxygen was not rate-limiting to the respiratory 
chain at this level. 

Fluorescence changes were noted in all animals ven- 
tilated with 5% O,-9596 N,. A typical fluorescence 
change resulting from ventilation with such a mixture is 
shown in Figure 5. After 55 seconds of breathing this 
mixture, there occurred a rise of the fluorescence trace, 
indicating a reduction of NADH of approximately 45%. 
Re-establishment of ventilation with room air resulted 
in a prclonged return to the baseline. 

Anoxia provides a method of testing the complete- 
ness of ischemia induced by coronary artery occlusion. 
An example is seen in Figure 6 where ligation of the 
LAD coronary artery was followed by a 4% rise in the 
F-R signal. After 90 seconds of LAD coronary artery 
occlusion, a new steady state level of NADH was 
achieved and the respirator was stopped for a further 
60 seconds, during which time no further changes in 
the fluorescence signal were seen. Re-establishment of 
ventilation and release of the LAD coronary occlusion 
resulted in a return to baseline. 
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Discussion 


Mitochondria are the cellular organelles which utilize 
oxygen and therefore determine the intracellular oxy- 
gen tension.? One-third of the volume of mammalian 
cardiac tissue consists of mitochondria,” reflecting the 
large aerobic component of cardiac metabolism. The 
mitochondria house the respiratory chain which con- 
sists of an assembly of cytochromes, flavoproteins and 
two co-enzymes, nicotinamide adenine dinucleotide 
(NAD), and co-enzynie Q (Fig. 7). Each of the com- 
ponents of the respiratory chain can exist in an oxidated 
and a reduced form. In addition, each of these com- 
ponents is optically active. The optical properties differ 
between the oxidized and the reduced state. Thus, 
optical monitoring provides an important means of 
studying the respiratory chain. 

In 1955, Chance and Williams?* showed that dif- 
ferences in respiratory rates are accompanied by a dif- 
ference in the steady state oxidation reduction levels 
of the members of the respiratory chain. 

During resting metabolism, the NAD fraction which 


Substrate H, NAD* 


H* 
+ 
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increase duction of NADH had been 
achieved by LAD ligation. 


increase 


is directly involved in the processes of oxidative phos- 
phorylation is almost completely reduced. This situa- 
tion is known as state 4 in the classical scheme of 
these authors. Total, or 100%, reduction of NAD oc- 
curs only in anoxia when oxygen is the rate-limiting 
substance (state 5). The situations change with the per- 
formance of energy-requiring tasks, such as contrac- 
tion, which result in the liberation of ADP. New reduc- 
ing equivalents flow easily and rapidly through the re- 
action steps coupled to oxidative phosphorylation, and 
the steady state percentage of reduction of NAD and 
of other chain members tends to fall (state 3). 
Fluorometry provides a non-destructive technique 
for monitoring the redox state of NAD within intact 
tissues and organs. Its validity is based on the fact 
that the reduced form of NADH fluoresces when 
illuminated with light in the region of its absorption 
maximum (340 + 35 nm), whereas the oxidized form 
does not. Therefore, the intensity of the emitted light 
measured at 465 nm varies in different metabolic states. 
An increase in glycolysis following either coronary 
artery ligation or ventilation with 100% N, will result 
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in an increase in cytoplasmic NADH. Thus, the ques- 
tion of which NADH fraction, cytoplasmic or intra- 
mitochondrial, is measured fluorometrically assumes 
importance. Mitochondrial NADH shows an enhance- 
ment of fluorescence efficiency of 10 to 20 times over 
NADH in solution.-9 This effect is thought to arise 
from decreased quenching due to mitochondrial bind- 
ing, a difference that carries over to the cyto- 
plasmic and mitochondrial fractions, as verified in 
studies on intact muscles.? While equal but opposite 
changes occur in NAD reduction for the two aliquots 
as shown spectrophotometrically,? it is impossible to 
detect the cytoplasmic NADH  fluorometrically.? 
Jóbsis and Duffield demonstrated that in amphibian 
skeletal muscle the cytoplasmic NADH contribution to 
the total fluorescence signal is an insignificant fraction 
in relation to that arising from mitochondrial NADH.? 
This is accounted for in part by the fact that glyceralde- 
hyde phosphate dehydrogenase, a cytoplasmic enzyme 
that strongly binds NADH, diminished the fluores- 
cence of NADH." Williamson? has given direct bio- 
chemical data showing that reduced cytoplasmic NAD 
is not present in sufficient concentrations to contribute 
significantly to the labile fluorescence of cardiac mus- 
cle. Chapman,’ in an extensive discussion of those data 
and others, concluded that the NADH fraction as- 
sociated with oxidative phosphorylation was for all 
practical purposes the only contributor to the labile 
fluorescence signal. This evidence, plus the fact that in 
circumstances where a reduction of NAD is expected, 
such as coronary artery ligation and ventilation with 
100% Nz, the fluorescence trace does rise (Figs. 2 and 
5), permit the conclusion that with allowance for 
changes in blood volume and motion artifacts, changes 
in the intensity of the fluorescence can be interpreted 
as changes in the intramitochondrial NADH level. 

Hemoglobin is a strong absorber of both exciting and 
emitted light and thus an increase in the amount of 
blood within the field of observation results in a de- 
creased amount of fluorescent light and an apparent 
decrease in NADH level. To compensate for this effect 
of blood, the intensity of light scattered from the epi- 
cardium at 366 nm was measured. In the cerebral cor- 
tex, it has been found that changes in the amount of 
blood in the field of observation caused approximately 
equal changes in both reflected (366 nm) and fluores- 
cent (425—475 nm) light."! Thus, the true magnitude of 
the fluorescence change or corrected fluorescence is 
measured by change in fluorescence minus change in 
reflectance. 

Changes in blood flow or volume never negated or 
overshadowed the fluorometric signal, if care was taken 
to avoid the inclusion of large and medium size coro- 
nary arteries in the field. Reflectance changes believed 
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due to vascular alteration had characteristic time 
courses, in that they showed slower recovery kinetics 
than do the fluorescence effects of metabolic transients. 
The reflectance trace also served as a valuable moni- 
tor in that it is also sensitive to motion and other opti- 
cal disturbances. Subtraction of the reflectance signal 
from the fluorescence signal after proper calibration ap- 
pears to give satisfactory compensation. 

The increase in the level of NADH seen following 
coronary artery occlusion and hypoxia in these experi- 
ments could involve only two basic components: 1) 
an increase in the rate of reduction of NAD, or 2) 
a decrease in the rate of oxidation of NADH. Anoxia, 
either hypoxic or ischemic, limits oxygen availability 
to the mitochondria, and thus slows the rate at which 
reducing equivalents are transferred from NADH to the 
flavoproteins and slows the respiratory chain. The frac- 
tion of reduced NAD tends to move to a new steady 
state dictated by the relative rates of reduction of NAD 
by the substrate dehydrogenases and the oxidation of 
NADH by the flavoproteins. This new steady state is 
characterized by an increased level of NADH signified 
by an increase in the fluorescence pattern. With failure 
of reducing equivalent transfer, ADP accumulates and 
the mitochondria cannot form the ATP required for 
transmembrane potential maintenance resulting in the 
electrocardiographic abnormalities seen in the anoxic 
segment. In addition, maximal levels of NADH reduc- 
tion achieved by ischemia are not further increased by 
stopping respiration (Fig. 6), indicating maximal im- 
pairment of mitochondrial ATP generating ability. 
Ultimately, with accumulation of lactic acid, specif- 
ically in ischemia, glycolysis must come to a halt. 
When ATP and creatine phosphate stores are utilized, 
cell death must rapidly follow. This rapid decrease in 
fluorescence following release of the occlusion repre- 
sents an oxidation of NADH and a corresponding 
phosphorylation of ADP to form ATP. It is, in fact, 
a direct measure of the time course for the re-establish- 
ment of adequate oxygen supply and re-establishment 
of the fluorescence baseline signals repayment of the 
oxygen debt. The rapidity of the fall in fluorescence 
shows that there is no impairment of myocardial oxy- 
gen uptake during reactive hyperemia and that oxygen 
debt repayment is prompt. 

Jennings’ has shown that the capacity of isolated 
cardiac mitochondria to metabolize NADH linked sub- 
stances is greatly depressed after 60 minutes of ische- 
mia. Others have stated that functional alterations in 
myocardium occur before mitochondrial abnormalities 
have been detected.?? Fluorometry, as applied in these 
experiments, allows protracted and simultaneous ob- 
servation of the metabolic and functional performance 
of the myocardium without disrupting it. Early change 
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in mitochondrial function is clearly demonstrated. An 
additional benefit appears to be the recognition of 
damaged myocardium by means of the fluorometric 
response (oxidation) to ventilation with 100% O,; the 
failure of a fluorometric increase (reduction) to return 
to baseline; and the lack of a fluorometric response to 
interruption of myocardial blood supply in areas of 
necrotic myocardium. Fluorometry monitors the end 
point of O; delivery to the respiratory chain, and the 
separation of the relative contributions of the various 
components, pulmonary and cardiac, to cellular via- 
Duty! is now possible. 

- Previous efforts to study cardiac metabolism have 
focused on matters of physiologic and biochemical 
interest; little attention has been paid to clinical ap- 
plicability. Fluorometry can potentially allow a more 
accurate determination of whether and to what extent 
an ischemic insult has occurred and can supplement 
methods that either lack specificity (ST segment ele- 
vation) or time discrimination (serum enzyme and lactic 
acid levels). 
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Results of Treatment of 269 Patients with Primary 


A prospective protocol for the management of primary cuta- 
neous melanoma was initiated at the University of Illinois in 
October 1968 and continued through June 1974. Over this 
period 269 cases were treated: 42 of the head and neck region, 
75 of the trunk, 94 of the lower extremities and 58 of the 
upper exremities. The levels of invasion ranged from II to V, 
according to Clark’s classification; level I melanomas were 
excluded. The status of the regional nodes was correlated with 
the level of invasion. Preliminary exploratory celiotomies were 
performed on all patients with lower extremity melanomas and 
on all those with level IV or V melanoma with clinically positive 
regional nodes. All patients were treated with wide excision 
and elective regional node dissection except those in whom 
celiotomy showed disseminated disease. Of the 150 patients 
now eligible for five-year analysis, 33 had level II disease, 
three with positive nodes. None had local recurrence or intra- 
abdominal metastasis. All 33 (100%) were cancer-free at five 
years. Of 56 with level III, 23 had positive regional nodes, 
two had local recurrence within two years, and two with 
melanoma of the lower extremities had intra-abdominal metas- 
tases. At five years 53 (95%) of the 56 were cancer-free. Of the 
42 with level IV, 31 had positive regional nodes, five had local 
recurrence and five had intra-abdominal metastases; 21 (50%) 
survived for five years. Of the 19 with level V, 17 had positive 
nodes, three had local recurrence and five intra-abdominal 
metastases; 7 (37%) were five-year survivors. Of the 150, 114 
(76%) were cancer-free at five years. On the basis of these 
findings, it was concluded that wide local excision is adequate 
for level II and probably for thin level III. But for thick level 
TH and levels IV and V the best salvage rate is obtained by 
an aggressive surgical approach. 


Te OPTIMUM TREATMENT of primary cutaneous 
melanoma is still being debated by surgeons, pa- 
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thologists, and dermatologists throughout the world. 
During the last 70 years the pendulum has swung back 
and forth between the concept of minimal excision of 
the primary and that of wide excision with regional 
lymph node dissection. The controversy is primarily 
due to the unique biological behavior of malignant 
melanoma. The literature is replete with arguments and 
statistical methods, according to the various schools of 
thought. Each investigator has argued his case with 
such conviction that the most conscientious student of 
melanoma frequently finds himself confused as to the 
ideal method of management of these patients. 

In the early 1960's, the author, together with the late 
Dr. G. P. McNeer and other members of the Gastric 
and Mixed Tumor Service and Department of Pathol- 
ogy of Memorial Hospital for Cancer and Allied Dis- 
eases, reviewed and analyzed the clinical, pathologic, 
and autopsy material of malignant melanoma patients 
seen and treated there. These studies dealt with the 
natural history, incidence of nodal metastases, and re- 
sults of treatment of primary cutaneous melanoma, and 
resulted in several publications.?^7!:226-?$ The data have 
since been re-analyzed and brought up to date.173135 In 
the last 15 years, a number of other investigators have 
published retrospective analyses of the clinical material 
seen in their institutions.?177?29/9 A review of all this 
published material shows that of the several meas- 
urable factors influencing the biological behavior of 
melanoma, the status of the primary lesion and the 
incidence of regional nodal involvement are the most 
significant in determining the prognosis for the patient. 

Numerous attempts have been made by various in- 
vestigators to predict the biologic behavior of mela- 
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TABLE 1. Anatomic Distribution of 269 Cases of 
Primary Cutaneous Melanoma 














Primary Site No. Patients 
Skin of head and neck 
(excluding face) 42 (16%) 
Trunk 75 (28%) 
Lower extremities 94 (35%) 
Upper extremities 58 (21%) 
269 








Treated at the University of Illinois from October 1968 through 
June 1974. 


noma on the basis of the clinical material] .}2+13-17-25.27.29.30 
Allen and Spitz! first proposed a histologic basis, in- 
cluding the level of invasion of the primary. In subse- 
quent years, other authors???* brought microstaging 
techniques to a level acceptable to the majority of 
pathologists. Clark and his associates? extended the 
microstaging system to five levels, and further clas- 
sified melanoma into the superficial spreading, nodu- 
lar, and lentigo maligna varieties. Mehnert and Heard?? 
were the first to apply microstaging techniques to evalu- 
ate the results of their surgical treatment of primary 
melanoma. Predicting involvement of regional nodes 
by study of the depth of invasion of the primary 
cutaneous melanoma is difficult, however, and they 
found that in their patients with Stage II intradermal 
melanoma the results with elective node dissection 
were better than with local excision alone. 

The data presented by most authors?-17-18-21.28.29 
showed that although in many instances wide excision 
of the primary site controlled the local tumor, a large 
number of patients with cutaneous melanoma were 
benefited by elective regional node dissection. How- 
ever, the question remained as to whether or not some 
of these patients undergoing extensive surgical treat- 
ment were being subjected to therapeutic ‘‘overkiil.”’ 
In recent years, several authors have addressed them- 
selves to the question of the ideal treatment of Stage I 
melanoma.52929.4-35 Out of these studies have come 
certain guidelines for the management of patients with 
cutaneous melanoma. 

Data from a retrospective analysis canriot always be 
interpreted accurately, and it follows that conclusions 
drawn from such data are not always valid. For this 
reason, in October 1968 the Division of Surgical Oncol- 
ogy at the University of Illinois initiated a prospec- 
tive protocol for the management of patients with pri- 
mary cutaneous melanoma. This protocol was followed 
through June 1974. During this period 269 patients were 
evaluated and treated by the author; 150 are now eli- 
gible for five-year analysis. Although we accrued a 
large body of information on the biological behavior 
of melanoma in these patients, the main purpose of 
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this paper is to present our data on microstaging of 
the primary, the incidence of regional nodal metasta- 
ses, and the results of treating primary cutaneous 
melanoma according to microstage and nodal status. 
Although we will attempt to draw some conclusions, 
we are cognizant that even in a well-controlled pro- 
spective study such as this, the very nature of this 
malignancy prevents us from being dogmatic. 


Materials and Methods 


The material consisted of 269 consecutive patients 
with levels II to V primary cutaneous melanoma ob- 
served and treated at the University of Illinois Hospital 
from October 1968 through June 1974; 164 patients 
were male and 105 were female; the age range was 
19 to 78 years, the mean age being 41 years. Table 1 
shows the anatomic distribution of the melanomas. 

All 269 patients were personally examined by the 
author, including inspection of the primary lesion and 
surrounding skin, a description of the evolution of the 
lesion, and photographic documentation. The location 
was carefully outlined on an anatomic diagram of the 
body. The nodes were classified into one of three cate- 
gories: 1) positive, 2) suggestive, and 3) negative. The 
number of positive or suggestive nodes was recorded 
and correlated with the pathologic findings. 

Systemic investigation included, among other things, 
examination of nevi; recording of the skin, hair, and 
eye color; a detailed description of the family history; 
and genetic profiles. All patients had an extensive 
work-up, including routine preoperative tomographic 
studies of both lung fields to determine whether or 
not metastases had occurred. 

The histologic diagnosis of the primary melanoma 
was made as follows: Under local anesthesia, all pa- 
tients with an intact primary lesion underwent com- 
plete excision of the lesion, with about a 1-cm margin. 
Specimens were collected for both light and electron 
microscopic examination. The methods of collection 
and fixation were those of Clark and his associates.® 
Some patients had been referred by dermatologists 
after a shaving biopsy; if the specimen showed evi- 
dence of primary malignant melanoma, we then per- 
formed an excisional biopsy. If the patient had been 
referred after excisional biopsy, the original block was 
obtained and the diagnosis re-evaluated and confirmed. 

The histologic material from the primary cutaneous 
melanomas was classified in the manner proposed by 
Clark.*5 Because some patients had had excisional 
biopsy elsewhere, it was not possible to classify all 
the primaries into the superficial spreading, nodular, 
or lentigo maligna varieties. However, prior to opera- 
tive intervention all patients were carefully evaluated 
according to the level of invasion (Table 2). 
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The histologic levels of invasion were initially 
rendered by the pathology department of the Abraham 
Lincoln School of Medicine, University of Illinois, then 
checked by the author and sent by random selection 
to several different pathologists. In each instance, these 
pathologists independently agreed with the diagnosis 
and level of invasion reported by our pathology de- 
partment. Thus, the microscopic validity of the material 
analyzed is established. This method automatically ex- 
cluded definitive treatment of patients on the basis of 
frozen section diagnosis. 


Treatment Protocol 


The prospective treatment protocols used in this 
study were as follows: 1) All level I lesions were con- 
sidered premalignant and were treated by limited local 
excision only. Those patients were not entered in this 
study. 2) All patients with Clark levels II, III, IV, 
and V melanoma, irrespective of the clinical status of 
the nodes, were treated with excision of the primary 
. tumor with a 5 cm margin on all sides, including 
the deep fascia. A 10 cm skin strip was raised toward 
the regional nodes when an in-continuity node dissec- 
tion was indicated. All primary excisions were followed 
by either an in-continuity or discontinuous regional 
node dissection unless contraindicated by celiotomy. 
3) All patients with lower extremity melanoma had 
an exploratory celiotomy, followed by a radical groin 
dissection if there was no distant metastases. 4) All 
patients with Clark level IV or V melanoma with 
clinically positive regional nodes from any primary site 
also had preliminary celiotomy. 


Results 


This report, as stated above, will deal primarily with 
results of the treatment program in relation to the levels 
of invasion and the incidence of regional node metas- 
tases. 


Melanoma of Skin of Head and Neck 


Forty-two patients had primary cutaneous melanoma 
of the head and neck region; of these, 27 were seen 


TABLE 2. Primary Melanoma of Skin in 269 Patients 











Clark Level No. of Patients 
H 58 
HI 104 
IV 75 
V 32 





Classified according to Clark's levels of invasion (only levels II 
to V included). 


PRIMARY CUTANEOUS MELANOMA 
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TABLE 3. Melanomas of Skin of Head and Neck: 42 
Positive 

No. Regional Local 5 Year 

Level Patients Nodes Recurrence NED 
II 4 0 0 4 
III 8 2 0 8 
IV 7 5 1 4 
v 2 2 D d 
21 9 1 17 





Number eligible for 5-year analysis: 21. 


with an intact primary lesion, of which 11 were super- 
ficial spreading, 10 were nodular, and 6 were the lentigo 
maligna variety. Ten patients had level Ii, 15 had level 
III, 13 had level IV, and four had level V melanoma. 
All had regional node dissection at the time of primary 
excision. None of the 10 with level II melanoma had 
regional node metastases. Positive regional nodes were 
found in five of the 15 with level III (3396), in 10 of 
the 13 with level IV (77%), and in all four patients 
with level V. 

All 42 patients in this group are eligible for a two- 
year follow-up report, and 21 are eligible for five-year 
survival analysis. Of these 21, 17 (8096) survived five 
years, a higher survival rate than reported in our previ- 
ous study.* Table 3 presents the five-year analysis data 
on these 21 patients. ! 

In the treatment-failure category, local recurrence 
after excision of the primary lesion was found in one 
of the 13 patients with level IV melanoma. Of the 21 
patients eligible for five-year analysis, four died of 
metastatic disease: three with level TV and one with 
level V. All four had regional node metastases at 
the time of initial treatment. 


Melanoma of Skin of Trunk 


Seventy-five patients had melanoma of the skin of 
the trunk: 39 in the posterior, 27 in the anterior, and 
9 in the lateral. The distribution was similar to that 
found in our previous study.!$ Forty-seven of the 75 
had intact primary lesions, of which 21 were classified 
as superficial spreading and 26 nodular. As expected, 
the majority of the nodular melanomas were found in 
the posterior trunk. The youngest patient was 20 years 
of age and the oldest 78, the mean age being 41 years. 
The division between male and female patients was 41 
and 34, respectively. The distribution of the exact sites 
of the primary melanoma in the posterior, anterior, and 
lateral trunk is shown in Table 4. However, the melano- 
mas of the anterior abdominal wall were too few to 
cluster according to a specific site. Of interest, there 
was one patient with level II melanoma of the um- 
bilicus. 


204 


TABLE 4. Location and Level of Invasion af 75 Cutaneous 
Melanomas of the Trunk 


Levels 

Location No. Patients H IH Iv V 

Posterior 
Scapular 16 3 7 4 2 
Interscapular 7 2 3 2 0 
Inferior trunk 10 2 3 3 2 
Lumbosacral z .$ 0 4 2 0 
39 3 17 11 4 

Anterior 
Pectoral 15 3 7 5 0 
Sternal 5 0 4 1 0 
Anterior abdominal udi 1 0 6 0 
27 4 11 12 0 

Lateral 

Superior 5 1 2 0 2 
Inferior 4 əd 0 2 2 
9 1 2 2 4 





All 75 patients were treated with elective node dis- 
section; 34 (45%) were found to have metastases to the 
regional nodes. When the incidence of nodal involve- 
ment was correlated with the level of invasion, how- 
ever, only one of 12 patients with level H melanoma 
had positive regional nodes. The primary in this case 
was located in the skin of the scapula, and axillary 
dissection was performed. Regional node metastases 
were found in 11 of 30 patients with level III melanoma, 
in 15 of 25 with level IV, and in 7 of 8 with level V. 

The group or groups of regional nodes at risk that 
were suitable for dissection were ascertained according 
to the location of the primary lesion (Table 4). In the 
posterior superior trunk, ipsilateral axillary dissection 
was performed for all melanomas of the scapular and 
interscapular regions. Bilateral axillary dissection was 
performed in two patients with midline lesions; one 
of these with level IV melanoma was found to have 
bilateral axillary metastases. Of the lesions in the pos- 
terior inferior trunk, 8 were above the T;, level and 
the ipsilateral axilla was dissected. In the remaining 
two, ipsilateral superficial groin dissection was done. 
All 6 patients with lumbosacral melanoma also had 
ipsilateral superficial groin dissection. In the anterior 
trunk all the pectoral melanomas were treated by ipsi- 
lateral axillary dissection. Two in the sternal region 
required bilateral axillary dissection. Patients with 
anterior abdominal wall melanomas located in the 
epigastrium underwent axillary dissection; those with 
abdominal melanomas below the umbilicus had super- 
ficial groin dissection. The single patient with mela- 
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noma of the skin of the umbilicus had a wide excision 
that included the falciform ligament. 

Of the 75 patients in this group, 41 were suitable for 
five-year analysis (Table 5); the overall survival rate 
was 68% in these 41 patients. When survival was cor- 
related with depth of invasion, the five-year survival 
rate was 100% in patients with level II melanoma, even 
though one patient had regional metastasis. In patients 
with level III, 7 of the 14 suitable for five-year analy- 
sis had positive regional nodes and 6 of these seven 
were free of recurrence or metastasis after five years. 
The regional nodes were negative in the remaining 7 
and only 6 survived. The overall five-year survival rate 
for patients with level III truncal melanoma was 86%. 
Of the two patients with level III who died, one had 
in-transit metastases and the other hepatic. In level IV, 
of the 15 patients eligible for five-year analysis, 12 had 
positive regional nodes, and only five (4296) survived; 
whereas, two of the three with negative nodes survived 
for five years. In level V, four of five patients had 
positive regional nodes, with only one of the four sur- 
viving five years; the single patient with negative nodes 
was also a five-year survivor. 

Local recurrence developed in three of the 41 pa- 
tients (7%) eligible for five-year survival analysis; two 
had level IV and one had level V melanoma; all three 
had regional node metastases. 


Melanoma of Skin of Lower Extremities 


Of the 94 melanomas of the skin of the lower extremi- 
ties, 56 were below the knee joint and 38 above. In pre- 
vious studies!??7?9 we showed that the biological be- 
havior of cutaneous melanoma does not differ sig. 
nificantly in any given anatomic site either above ot 
below the knee joint. Since in the present series the 
number of cases in any single anatomic site are few. 
they have been broadly grouped as arising either below 
the knee joint or above the knee joint. Subungual mela- 
nomas have been excluded from this report since only 
four such cases were encountered. In this series ol 
94 patients, the youngest was 20 years old and the old- 
est 78; 50 were women and 44 were men; 45 were seen 


TABLE 5. Melanoma of Skin of Trunk: 75 Patients 














Positive Negative Tota 

No. Regional  5-Yr Regional  5-Yr 5-Yr 

Level Patients Nodes NED Nodes NED NEL 
H 7 1 1 6 6 7 
III 14 7 6 7 6 12 
IV 15 12 5 3 2 7 
M E Nd KI s 2 NS: 
41 24 13 17 15 28 





Number eligible for five-year analysis: 41. 
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with intact primary lesions, 30 of which were nodular, 
13 superficial spreading, and two lentigo maligna. 

Melanomas arising below the knee joint. 'The cluster- 
ing of these 56 patients according to the level of in- 
vasion is shown in Table 6. According to the protocol, 
53 patients were treated with excision and simultaneous 
radical groin dissection. The remaining three (5%) were 
found on celiotomy to have intra-abdominal metastases 
and concomitant nodal metastases; one of the three 
had level IV melanoma and two had level V. Only 
9 of the 53 had an in-continuity groin dissection; in the 
remaining 44, dissection was discontinuous and was 
done simultaneously with excision of the primary 
lesion. The celiotomy technique has been described 
elsewhere.? 

Of these 56 patients, 26 (46%) were found to have 
positive regional nodes: one of 11 with level II mela- 
noma, 12 of 25 with level III, 8 of 12 with level IV, 
and five of 8 with level V. Thirty-one of the 56 were 
eligible for analysis of their 5-year survival status, and 
23 of the 31 patients (94%) were found to be free of 
any intercurrent disease. When the five-year results 
were compared according to levels of invasion of the 
primary, all 6 with level II, 3 of 14 with level III, 
three of 7 with level IV, and one of four with level 
V were cancer-free five years after initial treatment. 

Melanoma arising above the knee joint. Table 6 
shows the levels of invasion in these 38 patients. All 
but three were treated with wide excision and simul- 
taneous radical groin dissection, after preliminary 
celiotomy. 

Fourteen patients (3696) had metastatic nodes in the 
groin, and three also had intra-abdominal metastases, 
one with a level III lesion. 

Twenty-three of these 38 patients were suitable for 


TABLE 6. Clinical Findings in 94 Patients with Melanoma 
of Skin of Lower Extremities 














No. Eligible Positive Intra- 
No. for 5 Yr. Regional abdominal 
Level Patients Analysis Nodes Metastases 
Below the Knee Joint: 56 
H 11 6 1 0 
Hl 25 14 12 0 
IV 12 7 8 1 
vo 8 E 5 2 
56 31 26 3 
_ Above the Knee Joint: 38 
Ul 9 5 1 0 
IH 16 10 6 1 
IV 8 5 3 1 
V 5 3 4 i 
38 23 14 3 





PRIMARY CUTANEOUS MELANOMA 
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TABLE 7. Metastases and Local Recurrence in 94 Patients with 
Melanoma of the Skin of Lower Extremities 








Super- Super- Intra- 
ficial Deep ficial Local abdominal 

No. Nodes Nodes and Recur- Metas- 

Level Patients Only Only Deep rence tases 
II 20 2 0 0 0 0 
iil 41 10 3 2 2 i 
IV 20 7 2 3 1 2 
v B 6 2 3 1 295 
94 25 7 8 4 6 





five-year survival analysis. Of the 23, 17 (7496) were 
cancer-free: all five patients with level II, the 10 with 
level III, one of five with level IV, and one of three 
with level V. 

"Table 7 presents the data on metastases and local 
recurrence in melanomas of the lower extremities. 
Forty of the 94 patients (43%) had metastases to the 
regional nodes. When the node groups were classified 
into the superficial inguinal and deep pelvic, in an over- 
whelming number of patients only the superficial group 
of nodes was found to be positive. However, there 
were instances in which the deep pelvic nodes con- 
tained metastatic melanoma but the superficial inguinal 
nodes did not. This occurred in three of 41 patients 
with level III, in two of 20 with level IV, and in two 
of 13 with level V. In 8 patients both groups of nodes 
were found to be involved, but in only two of the 41 
patients in level III was this the case. 

There was local recurrence in four of the 94 patients 
in this series (4%), indicating failure in the initial treat- 
ment program. In all, 6 patients had either liver me- 
tastases, periaortic node involvement, or peripancre- 
atic node metastases, as shown by preliminary celi- 
otomy. 

Of the 94 patients, 54 were eligible for five-year 
analysis. The findings are shown in Table 8. It is evident 
from this table that with levels II and III melanoma the 
five-year survival rate is excellent, whether or not the 
nodes were positive. However, in deeper levels the 
presence of regional nodal metastases made the prog- 
nosis much more unfavorable. Of the 7 patients with 


TABLE 8. Melanoma of Skin of Lower Extremities: 94 Patients 








Total 

No. Pc iive  5-Yr Negative 5-Yr | 5-Yr 

Level Patients Nodes NED Nodes NED NED 
H 11 2 2 9 9 1 
in 24 ll 10 13 13 23 
IV 12 8 2 4 2 4 

uh 2 te po $ 

54 27 15 27 25 40 





Number eligible for five-year analysis: 54. 
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TABLE 9. Melanoma of Skin of Upper Extremities: 58 Patients 

Total 

No. Positive 5-Yr Negative 5-Yr 5-Yr 

Level Patients Nodes Survival Nodes Survival NED 
I 11 0 — HH ll ll 
HI 10 3 3 7 7 10 
IV 8 6 3 2 2 5 
Vig d£ a 19 29. 22 
34 14 8 20 20 28 





Number eligible for 5 year analysis: 34. 


pelvic node involvement, the three eligible for five- 
year analysis showed no evidence of recurrence or 
metastasis. 


Melanoma of Skin of Upper Extremities 


In the 58 patients with cutaneous melanoma of the 
upper extremities, 30 lesions were below the elbow and 
28 above. As in those of the lower extremities, there 
was no difference in the biological behavior of mela- 
nomas located in any specific anatomic location, such 
as melanoma of the forearm versus melanoma of the 
dorsum of the hand. The youngest patient was 19 and 
the oldest was 76; 36 were male and 22 were female. 
Only 30 of the 58 were seen with intact primaries, 
16 of which were superficial spreading, 13 nodular, and 
one lentigo maligna. 

Melanoma below the elbow. Of the 30 patients in 
this group, 10 had level II, 8 had level III, 9 had level 
IV, and three had level V melanoma. All had dis- 
continuous axillary dissection at the time of excision of 
the primary, except one with level V disease and posi- 
tive axillary nodes, in whom preliminary celiotomy re- 
vealed metastatic melanoma to the liver. 

Thirteen of the 30 (43%) had metastatic melanoma in 
the axillary nodes; however, none of the patients with 
level II disease and only three of 8 with level III had 
positive nodes. Of these 30 patients, 18 were eligible 
for five-year analysis; 15 of the 18 (83%) were cancer- 
free. The three patients who succumbed had either 
level IV or V melanoma. 
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Melanoma above the elbow. There were 28 patients 
in this group: 6 with level II melanoma, 10 with level 
IH, 8 with level IV, and four with level V. All had 
simultaneous axillary dissection with excision of their 
primary, with the exception of one in whom preliminary 
celiotomy showed metastases to the liver. Of the 28, 12 
(43%) had positive axillary nodes. As in the patients 
with melanoma below the elbow, the highest incidence 
of nodal metastases was found with levels IV and V 
lesions. Sixteen of the 28 patients were eligible for 
five-year analysis; 13 of the 16 (81%) were cancer-free, 
including all those with levels II and III disease. 

Thirty-four of the 58 patients with melanoma of the 
upper extremities were suitable for five-year analysis 
of results of primary therapy (Table 9). It is notable 
that none of the 11 patients with level II disease had 
positive nodes, none developed any local recurrence, 
and all were cancer-free after five years. In contrast, 
three of 10 patients in level III had positive nodes in 
the axilla, although even in this group of 10 there was 
no instance of treatment failure either in the form of 
mortality or local recurrence. In level IV, 6 of 8 had 
positive nodes and three of the 6 survived; the two 
patients with negative nodes were still free of disease 
after five years. Of the five in level V, all had positive 
nodes, and only two survived for five years. Local recur- 
rence was found in two of the 13 patients with levels 
IV and V melanoma. 


Discussion 


The overall survival rate for the patients in this series 
of cutaneous melanoma was 7696 at the five-year level 
(Table 10). Of the 76 patients with negative regional 
nodes, 74 (97%) were still cancer-free after five years. 
Of the 74 with microscopically positive regional nodes 
who were eligible for five-year survival analysis, 51 had 
clinically negative nodes and 23 had clinically positive 
nodes. Of these 51 patients, 35 (69%) were still free of 
cancer at five years, but of the 23 with clinically posi- 
tive nodes, only three (1396) survived. The overall sur- 
vival rate of 9796 free of melanoma at the five-vear 


TABLE IG. 269 Cases of Primary Melanoma of the Skin Treated at University of Illinois From October 1968 Through June 1974 





Negative Positive Intra- 5-Yr NED 5-Yr NED 

Regional Regional Local abdominal Negative Positive Tetal 
Level No. Patients Nodes Nodes Recurrence Metastases Nodes Nodes 5-Yr NEL 
H 33 30 3 0 0 30 3 33 (100% 
HI 56 33 23 2 2* 32 21 53 (95% 
IV 42 11 31 5 5 10 11 21 (50% 
V 19 2 17 3 5 E 5 7 (87% 
150 76 74 10 12 74 40 114 (76% 





Number eligible for 5-year analysis: 159. 
* Lower extremity. 
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level in patients with negative regional nodes, irrespec- 
tive of the depth of invasion of the primary, is, to my 
knowledge, higher than the results reported in any 
retrospective analyses published to date. 15:17.192829,32736 
Furthermore, the five-year survival rate of 69% in pa- 
tients with only microscopic metastases to the regional 
nodes shows that aggressive surgical treatment pro- 
vides acceptable five-year results in these high-risk 
patients. However, once the regional nodes are pal- 
pable, the five-year survival rate is sharply lowered. 

Of the 150 patients eligible for five-year analysis, 33 
had level II melanoma, 56 had level HI, 42 had level 
IV, and 19 had level V. All 33 with level II survived 
for five years (100%). Fifty-three of 56 (94.6%) with 
level III survived free of disease for five years, as did 
21 of the 42 (50%) with level IV, and 7 of the 19 with 
level V (37%). 

In the entire group of 33 patients with level II mela- 
noma there was no instance of local recurrence. Thus, 
it can be concluded that the extent of local excision 
outlined in our protocol is adequate and probably will 
prevent local recurrence. 

In the group of 56 patients with level III melanoma, 
33 (5996) had negative regional nodes and 23 (4190) 
had positive. The overall five-year survivalrate in these 
56 patients is 94.6%. Of the 33 with negative regional 
nodes, 32 (97%) survived cancer-free for five years, as 
did 21 (9196) of the 23 with positive regional nodes; 
only four of the 23 had clinical metastases. All 19 with 
only microscopically positive nodes, but only two of 
the four with clinically positive nodes, were cancer- 
free after five years. Local failure in primary treatment 
was manifested in two patients (3.5%) who had recur- 
rence within two years of primary treatment. 

Of the 42 patients with level IV melanoma, 11 (29%) 
had negative regional nodes on initial examination; 10 
of the 11 (91%) were cancer-free after five years. Thirty- 
one of the 42 patients (74%) had positive nodes at the 
time of initial treatment; only 11 (32%) lived for five 
years. When the nodes in these 31 patients were clas- 
sified as either nonpalpable or palpable it was observed 
that of the 10 patients who had nonpalpable regional 
nodes, but microscopic evidence of nodal disease, 7 
(70%) survived five years; whereas of the 21 with clin- 
ically palpable nodes, only three (14%) were five-year 
survivors. Local recurrence was found in five of these 
42 patients (12%), with a higher incidence in patients 
with clinically positive nodes (three of five). 

Of the 19 patients with level V melanoma who were 
eligible for five-year analysis, only two had negative 
regional nodes and both survived disease-free for five 
years, whereas of the 17 with positive nodes only 
five survived. Three of the 19 patients had local recur- 
rence following primary therapy. 
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The five-year results obtained from our protocol for 
primary therapy for 150 eligible patients with melanoma 
from all anatomic sites are, in general, good. If the 
results are divided into two groups, one relating to the 
level of invasion of the primary and the other to in- 
cidence of regional nodal metastases, some important 
observations can be made. The total survival rate of 
97% when the nodes were negative, irrespective of the 
level of invasion of the primary, speaks well for the 
therapy outlined. However, the question still to be 
answered is whether these results could have been ob- 
tained by lesser procedures. Three of 33 patients in this 
series with level II melanoma had positive nodes, a 
somewhat higher incidence than found in most retro- 
spective analyses.??5536 It is possible that when all the 
58 patients with level II disease become eligible for 
five-year analysis, this higher incidence will level out. 
In view of the distinct possibility that the incidence of 
nodal disease in level II is skewed in this study, it is 
probably appropriate to exclude elective regional node 
dissection in patients with level II melanoma. In our 
current protocol, this is being done. However, the lim- 
its of local excision are still being maintained, inasmuch 
as this has been effective in preventing local recurrence 
within five years. In level III lesions, it is seen that 
when regional node dissection is performed for only 
microscopic nodal metastasis, the end results are excel- 
lent; and when performed for clinically positive nodes, 
the results are bad. Thus it appears that elective node 
dissection is of definite therapeutic value. However, it 
is also true that 33 patients with level III disease 
underwent regional node dissection who might possibly 
have benefited as well with a lesser procedure. 
Breslow,’ in his retrospective analysis published in 
1970, showed that the thickness of the lesion can be 
used as a guide for prognosis. Our protocol was in 
progress when his work was published. It appears that 
in level III melanomas less than 0.76 mm thick, an 
elective node dissection can be avoided. Therefore, on 
the basis of Breslow's data and the present clinical 
study, it is logical to propose that in the future, level 
II melanomas be divided into two groups: one, in 
which the invasion depth is 0.76 mm or less, which 
can probably be treated with the type of wide local 
excision proposed in the protocol; and another, in 
which there is deeper invasion, which should be treated 
by regional node dissection. 

The incidence of nodal metastases in our series was 
high in levels IV and V, and the results of node dis- 
section for clinically positive nodes were poor. Wanebo 
and co-workers,” in a well-documented retrospective 
analysis of 151 patients treated at Memorial Hospital 
from 1954 to 1964, found that of 58 patients with level 
IV melanoma the cancer-free survival rate in patients 
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treated with node dissection was 68% at five years. 
For those treated by local excision alone, the rate was 
57%. In the present study, the five-year survival rate 
for patients with level IV melanoma with negative 
nodes was 91%; for those with only microscopically 
positive nodes the rate was 70%; but for those with 
enlarged nodes, the rate was only 14%. Similarly, in 
the level V patients, elective node dissection for micro- 
scopic involvement only, resulted in relatively higher 
survival rates. None of the patients with level V mela- 
noma and clinically positive regional nodes survived for 
five years. Generally, the results of treatment of level V 
melanomas are poor,???6 and when associated with clin- 
ically positive nodes the prognosis is grave. On the 
basis of the data presented herein, we recommend that 
all patients with levels IV and V melanoma be sub- 
jected to an elective regional node dissection along with 
excision of the primary lesion. 

The therapeutic guidelines proposed above will auto- 
matically result in regional node dissection in a group 
of patients without metastatic involvement of the 
regional nodes. Therefore it is essential that the mor- 
bidity and mortality with regional node dissections in 
this series be described. Radical neck dissection, with 
or without superficial parotidectomy, for cutaneous 
melanomas of the head and neck did not result in any 
unusual morbidity. There was no primary mortality, 
that is, death within 30 days of operation. 

For melanomas of the skin of the trunk, the groups 
of nodes dissected are either the axillary or those in 
the groin. In this setting a superficial groin dissection 
is usually done. We performed a total of 12 super- 
ficial groin dissections during this study without any 
morbidity or mortality. In a small number of patients 
lymphedema of the extremities was clinically obvious, 
but never to the extent noted after mastectomy for 
carcinoma of the breast. 

In truncal melanomas one of the major problems in 
elective node dissection has been the assessment of 
the nodes that could be involved. In the past, Das 
Gupta and McNeer!? developed general guidelines for 
the incidence and route of nodal metastases of mela- 
nomas of the skin of the trunk. More recently, 
Sugarbaker and McBride** analyzed the data at the 
M. D. Anderson Hospital and developed some guide- 
lines. Although there are differences in the guidelines 
proposed by the two groups, the general approach is 

` similar. On the basis of these two papers, it is possible 
to develop useful guidelines for elective node dissec- 
tions. Sugarbaker and McBride concluded that elec- 
tive node dissection was not required. However, theirs 
was a retrospective study and they did not have access 
to the original pathologic material on some patients. 


In contrast, this study is prospective and, based on 
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analysis of the material here, the conclusion derivec 
is that elective node dissection has a definite role 
Furthermore, the fact that there was no mortality anc 
only minimal morbidity associated with the radical axil- 
lary and/or superficial groin dissections certainly 
justifies regional node dissection. 

Eighty-eight of 94 patients with lower extremity mel- 
anoma underwent radical groin dissection. In this series 
of 88 consecutive radical groin dissections preceded by 
exploratory celiotomy, one patient died of a pulmonary 
embolus. As to the morbidity, edges of skin flap necro- 
sis occurred in 18 patients, requiring trimming of the 
margins. Seroma was found in four patients. Lymph- 
edema, a major factor, was encountered in severe de- 
gree in three patients. In 9 other patients it was notice- 
able and in the remaining patients, with use of sup- 
port stockings, it was minimized to the extent that the 
patients were not uncomfortable or limited in activity. 
In three patients, in-transit metastasis was encountered 
following discontinuous radical groin dissection for 
melanoma arising below the knee joint; two had nega- 
tive regional nodes and one positive. Both patients 
with negative regional nodes had level IV melanoma of 
the sole of the foot. 

Fifty-six of the 58 patients with cutaneous melanomz 
of the upper extremities had axillary node dissections. 
30 of which were discontinuous and 26 in-continuity, 
with no mortality. There were 6 instances of seromz 
formation requiring aspiration or drainage. Five pa 
tients had clinically obvious lymphedema and two com- 
plained of a feeling of heaviness and other discomfort. 

On the basis of the large number of regional node 
dissections performed in our series, it can be statec 
that node dissection in any given site, if properly per. 
formed, has acceptable mortality or morbidity and cer 
tainly can be justified in melanoma patients with deepe: 
levels of invasion, as in some patients with thick leve 
HI, and all patients with levels IV and V. : 

Today it is generally agreed that all high-risk mela- 
noma patients should be given adjuvant therapy. How. 
ever, in level II melanomas, a properly performed wide 
excision in our series achieved a 5-year salvage rate ol 
100%; for level III melanomas the survival rate was 
94% and the local recurrence rate 3.5% after wide ex. 
cision and elective dissection. Therefore, the pro 
ponents of adjuvant therapy for these two categories o 
melanoma must achieve a higher survival rate and re 
duce the incidence of local recurrence. It may be 
though, that when the end results are computed in iC 
or 20 years, they might be less favorable in a group o: 
patients treated only by resection, whereas in patient: 
treated with adjuvant therapy, they might be much bet 
ter after this time interval. This study proves again tha 
patients with levels IV and V melanoma cannot bt 
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adequately salvaged with conventional surgical treat- 
ment alone, and that some form of adjuvant therapy 
is in order and certainly must be tried. 

The role of exploratory celiotomy in malignant mela- 
noma is still difficult to explain. This author believes 
that for all lower extremity melanomas requiring a radi- 
cal groin dissection, the addition of an exploratory celi- 
otomy is justified, and in 6 patients in this study who 
were found to have intraabdominal metastases, un- 
necessary groin dissection was avoided. However, in 
other anatomic sites the role of celiotomy is still unde- 

 termined. For the present, it probably should be 
restricted to patients with clinically positive nodes and 
deep-level primary melanoma. 

The results of this study suggest that knowing the 
extent of the level of invasion, as proposed by Clark 
and his associates, is extremely useful; but the prog- 
nosis for these patients is dependent not only on the 
level of invasion but also on the presence or absence 
of regional node metastases. Wide local excision is 
adequate for level II melanoma and probably for thin 
level III. However, in patients with thick level III, 
and levels IV and V melanoma, the best salvage rate 
still is obtained by an aggressive surgical approach. 
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Ascending Aorta to Bilateral Femoral Artery Graft via a 


Ventral Subcutaneous Route 
RONALD J. BAIRD, M.D.,* PETER N. MADRAS, M.D.t 


Two patients were treated for grossly ischemic legs by a graft 
from the ascending aorta to both common femoral arteries. 
After leaving the mediastinum, the graft lay in the sub- 
cutaneous position throughout its course. In both patients, 
standard aorto-femoral repair was considered unduly hazard- 
ous because of gross obesity, large incisional hernias, previ- 
ously unsuccessful vascular procedures, impaired renal func- 
tion, emphysema, and complete occlusion of the abdominal 
aorta to the level of the renal arteries. Both patients had evi- 
dence of bilateral subclavian artery stenosis or occlusion. The 
technique of the operation is described and its assets and lia- 
bilities discussed. Within strict limitations, it is an alternative 
to axillo-femoral bypass. i 


que PURPOSE OF THIS communication is to describe 
an operation allowing revascularization of the 
femoral arteries in patients with bilateral iliac artery 
occlusion who are not suitable candidates for the 
standard aorto-femoral repair or axillo-femoral bypass. 
As compared to the axillo-femoral bypass, this opera- 
tion is somewhat more major in that the pericardial 
cavity is entered. However, it is technically easy, rap- 
idly performed, provides a higher flow rate, and is 
probably more durable. In both of the patients de- 
scribed, the decision to avoid laparotomy was made 
because of gross obesity plus the local pathology, 
rather than general debility. 


Technical Considerations 


The incisions are shown in Figure 1. A median ster- 
notomy allows application of a partial occlusion clamp 
to the ascending aorta and an oblique end-to-side 
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anastomosis. The proximal limb of a relatively non- 
porous prosthetic bifurcation graft is extended by at- 
taching a tubular graft of the same diameter: this allows 
the bifurcation to be placed just below and to the left 
of the umbilicus. The graft leaves the lower end of the 
pericardial cavity to pass through a vertical incision in 
the anterior extremity of the diaphragm and a small 
transverse incision in the left rectus fascia, to lie in the 
subcutaneous tissue in front of the left rectus muscle. 
With the bifurcation sited at the para-umbilical incision, 
the ilio-femoral limbs are tunnelled subcutaneously to 
each groin. The groin anastomoses are to the common 
femoral or its branches in a manner appropriate to the 
local condition of these arteries. The final position of 
the prosthesis is shown in Figure 2. 


Case Reports 


Case 1. A grossly obese 71 year old male had experienced bilatera 
claudication for 6 years and increasing bilateral rest pain for one 
year. An attempt at aorto-femoral bypass had been made one year 
before at another hospital. The vascular surgeon had abandoned the 
procedure because of technical difficulties in exposure, the gross 
Obesity, and an episode of hypotension associated with a concurrent 
change in the electrocardiogram. The patient subsequently suffered a 
wound disruption and was left with a large but relatively asympto- 
matic incisional hernia. His rest pain had increased to the point 
where he was requesting amputation. 

He could walk only with the aid of crutches and had all the 
typical signs of grossly ischemic feet without ulceration. Ankle 
systolic pressures (Doppler) were 30-35 mm Hg as compared to z 
right brachial pressure of 160/90. There was no palpable pulse in the 
left arm and there were harsh bruits over both subclavian arteries. 

The aortogram (Fig. 3) showed complete occlusion of the infra- 
renal aorta with the obstructive process extending 2 cm above the 
renal arteries. The common and profunda femoral arteries were 
patent bilaterally and the vessels from mid-thigh distally were no: 
visualized in the translumbar aortogram. Although angiograms of the 
subclavian arteries were not obtained, we considered the left to be 
occluded and the right compromised. 
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Fic. 1. The incisions used 
for an ascending aorta to 
bilateral femoral artery graft 
via a subcutaneous route. 





An ascending aorta to bilateral femoral artery graft via the ventral 
subcutaneous route was performed on April 10, 1975. He recovered 
uneventfully, was immediately relieved of rest pain, and was dis- 
charged on the twelth post-operative day. 

Fifteen months following the operation, (July 1976), he still had 
warm comfortable feet and could walk for one-half mile without 
claudication. The pulsating prosthesis was palpable throughout its 
subcutaneous course, but caused no distress. There was no problem 
with sitting or bending. Systolic pressure at both ankles (Doppler) 
was over 140 mm Hg as compared to an arm pressure of 165/90. 

In August 1976, 16 months after the operation, he noted the return 
of claudication in the right leg. There was no rest pain. Investigation 
revealed excellent perfusion of the left leg, an occluded right limb 
of the graft, and open profunda and superficial arteries on the right. 
At operation, the right femoral anastomosis was found to be stenosed 
and we believe this was the cause of the occlusion. A cross-over 
graft of double velour Dacron from the left limb of the graft to the 
right groin resulted in relief of symptoms and return of ankle systolic 
pressure to over 140 mm Hg. In June 1977, 26 months after the 
operation he remained free of symptoms. 

Case 2. An obese 60 year old male complained of right calf clau- 
dication for 8 years, bilateral severe rest pain for three months, and 
an ischemic ulcer on the right heel for one month. Five years pre- 
viously, a midline incisional hernia had been repaired by Marlex 
mesh. He was hypertensive, had emphysema, and had suffered a 
myocardial infarction. His aortogram was essentially similar to that 
of the first patient. Flow was not audible by Doppler flow meter 
at either ankle. Although pulses were palpable and pressure was 
equal in both arms, there were gross bilateral subclavian bruits. 
Renal function was impaired (serum creatinine 2.1 mg%, creatinine 
clearance 30 ml/min). 

An ascending aorta to bilateral femoral artery graft via the ventral 
subcutaneous route was performed on May 29, 1975. His early post- 
operative course was uneventful and he developed warm feet and 
bilateral ankle systolic pressures of 75-80 mm Hg. On the tenth 


ARTERY GRAFT VIA SUBCUTANEOUS ROUTE 


211 


post-operative day he slipped, fell into a bathtub, and suffered 
dehiscence of his sternotomy. He was returned to the operating room 
and the sternum closed. The graft became infected and he developed 
a draining sinus at the para-umbilical incision: the sinus persisted 
despite vigorous therapy. Two months later the ventral position of 
the graft was changed to the right of the umbilicus where a new 
bifurcation was constructed: the prosthesis in the region of the old 
bifurcation was removed. A new sinus opened three weeks later, 
the patient became septic, and the prosthesis was removed from 
between the groins and the lower edge of the sternum. There was no 
sign of mediastinal infection. The left leg was subsequently 
amputated. 





Fic. 2. Final position of the graft. From its origin on the ascending 
aorta, the graft passes through the diaphragm immediately beneath 
the sternum and is then brought into the subcutaneous plane via a 
small incision in the left retus fascia. The graft lies in the sub- 
cutaneous tissue from here to femoral arteries. 


Fic. 3. Aortogram of first patient showing extensive arterioscle- 
rotic disease extending well above the renal arteries. 


Discussion 


When faced with an inoperable infra-renal aorta, we 
and several other surgeons have used the descending 
thoracic aorta as the site of the inflow.'* During the 
course of a standard aorta-femoral operation, Frantz 
et al.? found the abdominal aorta inoperable and ex- 
tended the midline laparotomy to a medial sternotomy 
giving access to the ascending aorta. They placed the 
graft so that it entered the abdomen in a retroperitoneal 
position. We were influenced by their report. 

Although we have many patients who achieved satis- 
factory results from the more minor operation of axillo- 
femoral repair, we have found that significant sub- 
clavian stenosis mitigates against its long-term patency. 
In both patients, the standard aorto-femoral repair was 
considered to carry a higher risk of morbidity and mor- 
tality than the procedure described. Nevertheless, the 
operation was performed only after much discussion. 
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We were particularly worried over whether the pros- 
thesis in the ventral position would kink when the 
patients bent forward, but considered that their gross 
obesity would prevent this problem. It was for this 
reason that we placed the bifurcation below the umbili- 
cus. 

We would suggest the following as some of the assets 
and liabilities of the procedure described herein. 

1) Relatively Atraumatic. A median sternotomy is as- 
sociated with minimal post-operative bowel and blad- 
der distress and probably less respiratory embarrass- 
ment than with major abdominal surgery in the grossly 
Obese patient. It is obviously a more major procedure 
than an approach to the axillary artery. 2) Technical 
Simplicity. All anastomoses are well in view and easily 
performed. The ascending aorta is rarely involved with 
severe atheroma and is large enough to accommodate 
a partial occluding clamp without impediment to flow 
or pressure. 

Retraction and blood loss are minimal. There should 
not be any danger to renal function as compared to a 
repair involving dissection and clamping of the supra- 
renal abdominal aorta. In both patients the operation 
was completed within two hours. 

3) Permanence. The large inflow should maintain 
adequate flow and pressure in the graft. Any problems 
with the femoral anastomoses should be similar to those 
of the standard procedure or the axillo-femoral graft. 
We were concerned about the possibility of kinking or 
partial occlusion during bending and sitting, but in the 
two elderly and obese patients described this was not a 
problem. It is likely that a prosthesis in this position, 
would be more subject to kinking or trauma in the 
younger or thinner patient. An infected prosthesis, here 
as elsewhere, resulted in a tragedy. 

We believe that the operation described in this report 
is only justified in patients who have special problems 
which would either prohibit a standard repair or render 
it unduly hazardous. We also recognize the axillo- 
femoral bypass as a more minor and preferable pro- 
cedure when the sub-clavian axillary arteries are rela- 
tively normal. Within these strict limitations, ascending 
aorto to femoral bypass appears to be a worthwhile 
procedure for the vascular surgeon to consider in his 
list of options. 
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Clinical Vascular Laboratory Diagnosis 


of Deep Venous Thrombosis 


GARY G. NICHOLAS, M.D., F.A.C.S., FRANKLIN J. MILLER, JR., M.D.,* WILLIAM E. DEMUTH, JR., M.D., F.A.C.S., 


The accuracy of our clinical vascular laboratory was evaluated. 
Sixty-nine limbs (55 patients) were examined clinically for 
thrombophlebitis. All of these patients were then evaluated 
using segmental plethysmography and Doppler ultrasound 
techniques. Each limb was then studied with venography. In 
57 of the 69 (82.6%) limbs evaluated, measurement of the 
maximum venous outflow accurately reflected the venographic 
findings. Doppler augmented venous sounds were correct when 
compared to venography in 77.6% of limbs. In the 59 limbs 
that exhibited clinical signs of deep venous thrombosis, only 
35.6% had venographic confirmation of the diagnosis. The 
Clinical vascular laboratory provides an accuracy of diagnosis 
of deep venous thrombosis not achieved by clinical examina- 
tion. If both segmental plethysmography and Doppler ultra- 
sound were negative, it was very unlikely that deep venous 
thrombosis had occurred. 


HE FREQUENCY WITH WHICH thrombophlebitis and 
T pulmonary emboli are noted at autopsy makes the 
early and accurate diagnosis of deep venous thrembosis 
essential. The inaccuracy of clinical examination in 
detecting deep venous thrombosis is clearly es- 
tablished.?* Although venography remains the standard 
for the diagnosis, reports from numerous authors using 
noninvasive techniques show significantly improved 
accuracy over clinical examination alone.1**!? The 
data presented in this manuscript support the value of 
noninvasive testing in the clinical vascular laboratory 
when deep venous thrombosis is suspected. 


Method 


There were 55 patients evaluated for this study. 
These were patients referred to our clinical vascular 
laboratory for the diagnosis of possible thrombo- 
phlebitis. Each patient was evaluated by physical 
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examination, Doppler ultrasound, segmental plethys- 
mography, and venography. 

Physical examination of the extremity included the 
determination of the presence of localized tenderness, 
swelling. or a positive Homans' sign. If any of these 
findings were present, the patient was considered to 
have clinical evidence of deep venous thrombosis. 

Doppler ultrasound determination of the presence of 
augmented venous sounds over the femoral vein was 
performed according to the method described by Sigel.!? 
Augmented venous sounds in response to thigh, 
popliteal, and calf compression were either present, 
absent, or less than usual. If augmented venous 
sounds were diminished or absent, ultrasound evidence 
of deep. venous thrombosis was considered present. 

Segmental plethysmography was utilized to deter- 
mine maximum venous outflow. The technique utilized 
by Johnston and Kakkar was employed.? Using an air- 
filled cuff, volume change in the portion of limb beneath 
the cuff was measured in response to release of a 
proximal venous tourniquet. Instrumentation em- 
ployed was the pulse volume recorder? (Life Sciences, 
Inc., Greenwich, Conn.). In a series of patients without 
venographic evidence of deep venous thrombosis, it 
was found that greater than 5096 ofthe blood entrapped 
by the venous tourniquet leaves the leg in the first two 
seconds after the tourniquet is released (Fig. 1). Any 
patient found to have a maximum venous outflow of 
less than 5096 in two seconds was considered to have 
segmental plethysmographic evidence of deep venous 
thrombosis. 

Venography was performed in ail patients in both the 
anterior-posterior and the lateral projection with the 
knee slightly flexed using 70—100 ml of contrast per 
extremity. The deep venous system was visualized 
from the arch of the foot to the pelvis. 
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Fic. 1. Normal maximum venous outflow. Proximal venous oc- - 


clusion cuff deflated at time 0. Normal vencus outflow is greater 
than 50% decrease in segmental volume in two seconds. 


Results 


There were 55 patients (69 limbs) examined 
clinically for the presence of localized pain, tenderness 
on palpation, swelling, or a positive Homans’ sign. 
In all of these patients the diagnosis of deep venous 
thrombosis was being considered. One or more of the 
above findings was present in 59 of the limbs examined. 
Only 21 (35.6%) of these 59 limbs had venographic 
evidence of deep venous thrombosis. 

Doppler ultrasound evaluation for augmented 
venous sounds was performed in 49 limbs (Table 1). 
All of these limbs subsequently underwent venographic 
evaluation, and 19 were found to have deep venous 
thrombosis. The evaluation of augmented venous 
sounds correctly diagnosed the presence or absence 
of deep venous thrombosis found on venography in 38 
of these limbs (77.6%). In only two limbs did 
Doppler ultrasound examination yield a false negative 
result when compared to the venogram. 

In the 69 limbs evaluated using the segmental 
plethysmograph, venography revealed deep venous 


TABLE 1. Doppler Ultrasound Accuracy in Detecting Deep 
Venous Thrombosis as Determined by Venography 





Result No. Percent 
Correct 38 77.6 
Incorrect 22.4 


11 

false positive 9 18.4 

false negative 2 4.0 
49 


Total 100 
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thrombosis in 23. Plethysmography was correct as 
determined by contrast venography in 57 limbs for an 
overall accuracy of 82.696. It should be noted that there 
were only two limbs in which a false negative result 
was encountered (Table 2). 


Discussion 


Clinical signs of deep venous thrombosis were 
present in 59 of the limbs examined, yet only 21 
(35.6%) had venographic evidence of thrombosis. The 
results of others confirm the inaccuracy of clinical 
examination in this disease process. Cranley found 
clinical signs of deep venous thrombosis to be present 
with an equal frequency in two groups, one with and 
one without venographic evidence of deep venous 
thrombosis. Barnes noted objective confirmation of 
the clinical diagnosis of acute venous thrombosis in 
only 3796 of 527 patients.? Haeger found venographic 
confirmation of the clinical diagnosis of acute venous 
thrombosis in less than half of the 72 patients in the 
series he reported.9 It is data such as these that lead 
one to suggest the need for objective confirmation of 
venous thrombosis. 

Doppler ultrasound analysis and segmental plethys- 
mography are used by many clinical vascular laborato- 
ries to more clearly define abnormal venous hemo- 
dynamics. Sigel outlined an extensive technique for 
evaluating venous hemodynamics with doppler ultra- 
sound.!? The presence of augmented Doppler sounds 
in response to limb compression allows one to define 
patency as well as value function in the segment being 
tested. Yao et al. examined 162 patients and found the 
Doppler ultrasound technique to be 82.9% accurate.” 
Alexander et al. noted a 93% accuracy of this tech- 
nique in the 166 patients they evaluated.1 The 
Doppler ultrasound technique has several limitations.!? 
Examination of a leg that has been drained of blood 
either by recent elevation or external compression may 
yield erroneous results. Errors related to the disease 
process are also possible. In the presence of only tribu- 
tary or calf clots and in the presence of extensive col- 
lateralization, ultrasound results may be misleading. 
Indeed, Sigel reported 39% false negative results with 


TABLE 2. Segmental Plethysmographic Accuracy in Detecting Deep 
Venous Thrombosis as Determined by Venography 


Result No. Percent 
Correct 57 82.6 
Incorrect 12 17.4 

false positive 10 14.5 
false negative 2 2.9 
Total 69 100 
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Doppler ultrasound if only leg vein thrombosis was 
seen on venography.!? Even with these limitations, 
Barnes was able to accurately diagnose calf deep ve- 
nous thrombosis in 8496 of 55 limbs they studied.? 

In the 49 patients examined by Doppler ultrasound, 
the diagnosis was correct in 38 at 77.696. Although 11 
were incorrectly diagnosed, it is important that in only 
two (4%) was the test a false negative. Thus, the pres- 
ence of a normal Doppler ultrasound examination is 
excellent evidence that deep venous thrombosis is not 
present. 

Segmental plethysmography is also useful in evalu- 
ating limb hemodynamics. Alterations in limb volume 
are reflected in changes in limb impedance or pressure 
changes in an air-filled cuff placed on the limb. A 
variety of respiratory maneuvers as well as proximal 
venous compression are used to produce fluctuations in 
limb volume. The use of respiratory mechanics to alter 
limb volume as originally outlined by Mullick et al.? 
has been found by others to be an insensitive indicator 
of venous thrombosis.”*"! Improved accuracy can be 
achieved if one uses proximal venous occlusion with 
quantitation of subsequent venous outflow from the ex- 
tremity being examined.? Johnston found the maximum 
rate of venous emptying to be the most sensitive index 
of deep venous thrombosis. This technique also over- 
comes many of the shortcomings encountered when 
one depends upon respiratory maneuvers requiring pa- 
tient cooperation. 

The accuracy of maximum venous outflow deter- 
mination is limited by the inability to detect tributary 
and calf thrombi that are so clearly demonstrated with 
P% fibrinogen techniques. Extensive venous col- 
lateralization in limbs with chronic venous occlusive 
disease will also cause errors in diagnosis. In the 69 
limbs we examined, the correct diagnosis was made in 
57 (82.6%) when compared to venography. Segmental 
plethysmographic results were incorrect in 12 limbs, 
but in only two (2.9%) was a false negative result ob- 
tained. Thus, an examination finding normal results for 
maximum venous outflow is strong evidence for the 
absence of deep venous thrombosis. 

Only in those patients with classic phlegmasia can 
one feel assured as to the correctness of the clinical 
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diagnosis without obtaining more objective data. At the 
present time, Doppler ultrasound and segmental 
plethysmography are recommended for all patients 
with clinical signs of deep venous thrombosis. Al- 
tough noninvasive clinical vascular laboratory testing 
has not been able to achieve the accuracy obtained with 
venography in the detection of deep venous throm- 


_ bosis, it is clear that results obtained surpass those 


achieved on the basis of clinical examination alone. If 
one is going to institute anticoagulation with its at- 
tendant risks, inconvenience, and expense, objective 
data obtained in the clinical vascular laboratory is use- 
ful to confirm the clinical impression. 
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Splanchnic Blood Flow in Patients with Abdominal Angina 
Before and After Arterial Reconstruction 


A Proposal for a Diagnostic Test 


H. J. BUCHARDT HANSEN,” H. C. ENGELL, H. RING-LARSEN, L. RANEK. 


The diagnostic value of determining the splanchnic blood flow 


(SBF) and oxygen uptake before and after a test meal in pa- . 


tients suspected of abdominal angina was investigated in 15 
patients with unexplained abdominal pain. Six patients with 
typical abdominal angina and occlusive lesions of two or three 
splanchnic arteries were investigated before and after success- 
ful arterial reconstruction. Five patients with less severe ar- 
terial lesions were classified as suspected of abdominal angina 
and four patients with eventual normal arteriography served 
as controls. 

No significant difference was found in fasting SBF be- 
tween the three groups. Postprandial SBF rose in the con- 
trols and in the abdominal angina suspected group, but not 
in the patients with abdominal angina. After arterial recon- 
struction fasting SBF was higher than before and postprandial 
SBF rose to the level of the controls. No difference in oxygen 
uptake before or after test meal was seen in any of the groups 
or after arterial reconstruction. 


qu DIAGNOSIS OF ABDOMINAL angina is based on 
clinical symptoms, arteriographic demonstration 
of occlusive processes in the splanchnic arteries and 
exclusion of other gastro-intestinal disease. The symp- 
toms postprandial pain, loss of weight and changes 
of the stools may not be very typical during the early 
stages of the disease. The finding of occlusive lesions 
of the main stems in at least two of the three mesen- 
teric arteries is a prerequisite for the diagnosis, but 
no unambiguous criterion. As no specific diagnostic 
test of abdominal angina is available, these patients 
often suffer abdominal angina and emaciation a long 
time before the correct diagnosis is established. 

It has been the purpose of this study to investigate 
the diagnostic value of determining the splanchnic 
blood flow (SBF) in the fasting patient and its subse- 
quent changes after a test meal. SBF is here defined as 
the total flow through the three splanchnic arteries and 
eventual extra-splanchnic collaterals. As splanchnic 
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blood passes through the liver it can be measured as 
the hepatic blood flow. 


Materials and Methods 
Materials 


A total of 15 patients were investigated. Six had 
abdominal angina, they were investigated before and 
after successful arterial reconstruction. Five patients 
were classified as suspected of abdominal angina. They 
had unexplained abdominal pains and arteriographic 
changes of the splanchnic arteries, though less severe 
than usually seen in patients with abdominal angina. 
Four patients having unexplained abdominal pains and 
normal mesenteric arteriography served as a control 
group. 

All patients had aorto-mesenteriography performed 
in lateral as well as in frontal view. The arteriographic 
findings are seen in Table 1. In all patients other gastro- 
intestinal diseases which conceivably could influence 
SBF were excluded. 


Methods 


SBF was determined with indocyanide-green as de- 
scribed by Jacobsen et al.? according to the modifica- 
tion by Caesar et al. of the method introduced by 
Bradley et al.' In the fasting patient catheters were 
placed in the radial artery and in an arm vein. Liver 
vein catheterisation was performed through a cubital 
vein. The correct position of the catheter tip was se- 
cured by fluoroscopy. After a priming dose of 1.2: 
mg of indocyanide-green (Hynson, Westcott and Dun- 
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ning®) infusion was continued with 250 ug/min. Af- 
ter an equilibration period of 30 minutes arterial and 
venous blood samples were taken thrice with 10 min- 
utes interval for determination of the fasting SBF. 
Thereafter the patient was given a standard meal con- 
sisting of 1000 calories divided equally between car- 
bohydrates, proteins and lipids. After the meal blood 
samples were taken for determination of SBF seven 
times with 10 minute interval. 

Samples were also taken for measurement of hemo- 
globin and oxygen saturation in arterial and hepatic 
venous blood. Oxygen uptake was calculated from SBF 
and arterio-venous oxygen difference. 


Results 


None of the patients had any complications related 
to the arteriography or to measurements of SBF. 


SBF-Measurements 


The flow-increase after the test meal was calculated 
as the difference between the mean of the fasting flow 
values and the mean of the postprandial maximum— 
and the two neighboring flow-values. The results for 
each patient, and the mean-values for the groups are 
seen from Table 2. The mean flow values from patients 
with suspected abdominal angina and abdominal angina 
are shown in Figure 1 together with those of the con- 
trols (mean + SEM). The flow values before and after 
arterial reconstruction are seen in Figure 2. The actual 
flow curves from two patients before and after surgery 
are shown in Figure 3. 


Control Group 


These four patients had a mean fasting SBF of 1172 
ml/min. increasing significantly (p « 0.05) after the test 
meal by 40%. The mean flow during the postprandial 
period was 1553 ml/min or 32% higher than the fasting 
flow. 


Suspected Abdominal Angina 


The mean fasting SBF for these five patients was 
966 ml/min and increased significantly (p « 0.001) by 
50% after the test meal. The postprandial mean flow 
of 1336 ml/min was 38% higher than the fasting flow. 
None of these values differed significantly from those 
of the control group. 


Abdominal Angina Group Before Operation 


These 6 patients had a mean fasting SBF of 981 ml/ 
min, not significantly lower than that of the control 
group. Áfter the test meal there was an insignificant 
flow-increase of 8%. The difference of 587 ml/min be- 
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TABLE 1. Angiographic Findings in Patients with 
Suspected intestinal Ischemia 


Pat. No. CA SMA IMA 
Abdominal angina 5 t t * 
suspected 6 i * * 
ws t * * 
8 i * * 
9 * t i 
Abdominal angina 10 t t i 
11 t t i 
12 t + * 
13 t f * 
l4 t i i 
15 t ł t 
* Normal 
t Stenosis 
t Occlusion 


tween the maximal postprandial flow in the control 
group and in this group is significant (p « 0.01). Also 
the mean flow during the postprandial period of 1006 
ml/min was significantly lower than in the control group 
(p « 0.0005). 


Abdominal Angina Group After Operation 


The fasting SBF of 1302 ml/min in mean was sig- 
nificantly higher than before operation (p « 0.0005), but 
not significantly higher than the fasting flow in the con- 
trol group. After the meal the maximal SBF increase 
was 324 ml/min (p « 0.025) over the fasting flow, and 
570 ml/min higher than the postprandial flow before 
arterial reconstruction (p « 0.005). The postprandial 
mean flow of 1528 ml/min was significantly higher (p 
<0.0005) than before operation and nearly identical 
with that of the control group. 


Oxygen Consumption 


Oxygen consumption expressed as mmol- min"! and 
the oxygen extraction as umol- mi- min"! are shown in 
Table 2. The postprandial oxygen uptake is calculated 
for the highest SBF value. In all patients the oxygen 
uptake increased significantly (p « 0.02) after the test 
meal. Any significant difference in the oxygen uptake, 
could not be demonstrated, between the groups. Post- 
prandial oxygen extraction on the other hand was sig- 
nificantly (p « 0.05) higher in patients with abdominal 
angina than in any other group, but attained normal 
values after arterial reconstruction. 


Discussion 


The maximal splanchnic flow is determined by the 
flow capacity of the three mesenteric arteries and, if 
such exist, by additional extra-splanchnic collaterals. 
If occlusive processes are present in the main stems 
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TABLE 2. Splanchnic Blood Flow and Oxygen Consumption Before and After Standard Meal 











Oxygen Consumptiont 








Flow* 
(ml: min`?) Total (m mol- min“ Per ml (mol: min?) 
Pat. No. Sex Age B A A p value A A p value B A A p value 
Controls 
1 F 63 849 1259 410 148 2,76 1,28 1,7 2,3 +0,6 
2 F 65 1075 1954 879 2,69 3,74 1,05 2,5 1,9 —0,6 
3 M 72 1513 1789 276 2,60 3,18 0,49 : 1,8 1,8 0 
4 M 40 1250 1571 321 2,3 3,61 90,88 2,2 2,3 +0,1 
Mean 60 1172 1643 471 p«0,5 2,39 3,2 093 p<0,02 2,1 2,1 0,03 n.s 
SD 280 300 0,61 0,44 0,37 0,26 
Abdominal Angina Suspected 
5 M 54 1158 1605 447 226 3,31 1,05 2,0 2:1 +0,1 
6 M 67 693 1202 509 2,36 3,2 1,16 3,4 3,0 —0,4 
7 F 51 951 13933 442 1,50 1,664 0,14 1,6 1,3 —0,3 
8 M 67 909 1456 547 2,50 3,38 0,88 2,8 2,4 —0,4 
9 F 46 1120 1579 459 1,98 2,61 0,63 1,8 1,7 ~0,1 
Mean 57 996 1447 481 p<0,001 2,12 2,89 0,77 p«001 23 2,1 —0,2 n.s 
SD 186 162 0,0 90,78 0,75 0,65 
Abdominal Angina Preoperatively 
10 F 65 948 1229 281 233 2,85 0,52 2,5 2,3 —0,2 
11 F 36 1002 — — 1,57 — — 1,6 — — 
12 M 61 920 1050 130 164 2,89 125 1,8 2,8 +1,0 
13 M 54 759 793 34 2,47 3,26 0,79 3,3 4,6 +1,3 
14 M 66 1114 1132 18 2,65 3,45 0,80 2,4 3,6 +1,2 
15 F 56 1143 1079  —64 224 3,02 0,78 2,0 2,8 +0,8 
Mean 56 981 1056 80 ns 2,15 3,09 0,83 p< 0,005 2,3 3,2 0,8 p < 0,05 
SD 140 162 0,44 0,25 i 0,6 0,9 
Abdominal Angina Postoperatively 
10 1091 1744 553 2,46 3,39 0,93 2,3 2,0 —0,3 
H 1302 1469 167 2,3 3,07 0,74 1,8 23 40,5 
12 1304 1377 73 196 2,15 0,19 1,5 1,6 +0,1 
13 1092 1521 429 238 3,13 0,75 2,2 2,2 0 
14 1535 1932 397 2,38 3,15 0,77 1,6 1,7 +0,1 
15 1490 1714 224 2,06 2,92 0,86 1,4 1,9 +0,5 
Mean 1302 1626 324 p< 0,02 2,26 2,96 0,70 p< 0,005 1,8 1,9 0,1 n.s 
SD 188 206 : 020 0,42 0,4 0,3 





* Flow: B: average of flow before meal. 


A: average of maximum flow and two neighboring flows after meal. 
+ Oxygen consumption: B: average of oxygen consumption before meal. 
A: oxygen consumption after meal at the time of max. flow. 


of the mesenteric arteries inter-splanchnic anastomo- 
ses gives ample possibilities for redistribution of flow 
and for receiving the supply from extrasplanchnic col- 
laterals.5 Knowledge of the total splanchnic flow there- 
fore, is of main interest when chronic arterial in- 
sufficiency of the gastro-intestinal tract is suspected in 
patients with postprandial pains. Marston? in 1967 ex- 
pressed the opinion that measurement of splanchnic 
flow would be of limited value, as no information could 
be obtained about regional distribution of the total flow. 
In our opinion knowledge of the total SBF is most im- 
portant, as possibilities for redistribution of blood-flow 
probably always exist, when the total inflow is suf- 
ficient. Knowledge of regional flow distribution would 


be of diagnostic importance only in rare cases of small 
vessel disease, or embolism to the branches of the 
mesenteric arteries. 

For all practical purpose hepatic blood-flow, as de- 
termined by Bradley et al.! in 1945, may be considered 
equal to SBF. Information on SBF in the normal fast- 
ing subject is available from few and rather small serie: 
(3,8,11). Mean values are of the same order as founc 
for the control group of the present study, i.e. 1000- 


. 1200 ml/min.; the scatter, however, is considerable, the 


values ranging from approximately 800 to 1900 ml/min 
Some clinical studies*!! on the effect of digestion or 
splanchnic flow have shown but a modest increase afte: 
500—600 cal given as a glucose solution. Following £ 
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mixed meal of 700 cal. Norryd et al.!° found a maximal 
increase of 60% in the superior mesenteric artery flow 
of five persons. In comparison direct flow measure- 
ments on the superior mesenteric artery or the portal 
vein in dogs have shown a postprandial increase in 
flow of 75-125% ?5 As the flow increase is carried 
mainly by the superior mesenteric artery”! the corre- 
sponding increase in SBF was presumably somewhat 
less. 

In patients with abdominal angina no study on SBF 
seems to have been published. In the present series 
no significant difference in fasting SBF could be demon- 
strated between the control group, the patients sus- 
pected of abdominal angina and the patients who had 
abdominal angina, but after arterial reconstruction this 
last group had a higher fasting SBF than before. Two 
explanations can be offered for this increase: the opera- 
tion may have resulted in partial sympathetic denerva- 
tion of the small intestines, or the resistance vessels 
in the splanchnic area may not have regained their 
ability to regulate flow according to nutritional needs 
during the first few weeks after the operation. 

The 1000 cal test meal resulted in an increase of 
SBF in all patients without abdominal angina. The in- 
ability of the angina patients to increase SBF much over 
fasting values will be seen from the obtained maximal 
flows and becomes even apparent when fasting SBF is 


Flow 
ml / min 
À Abdominal Angina suspected 
2000 O Abdominal Angina preoperatively 
Ed Controls 
1500 
1000 








10 20 30/40 50 60 70 80 90 100min 
Standard Meal 


Fic. 1. Average splanchnic blood flow before and after a standard 
meal in control patients (cross-hatched area), patients with suspected 
abdominal angina and patients with abdominal angina. Mean 
+ SEM. 
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Flow 
ml/min 

© Abdominal Angina preoperatively 
2000 e Abdominal Angina postoperatively 

Controls 
1500 
-1000 


10 20 30/40 50 60 70 80 90 100min 
Standard Meal 


Fic. 2. Average splanchnic blood flow before and after a standard 
meal in patients with abdominal angina pre- and postoperatively 
compared to controls (cross-hatched area). Mean x SEM. 


compared to the mean SBF of the whole postprandial 
period. For the control group mean postprandial flow 
rose 3296 (12 to 70%) above fasting values, while in 
the abdominal angina group the rise was 3% (—5 to 
27%). After operation mean postprandial SBF and also 
maximal SBF became nearly identical with that of the 
control group. 

In the individual case both fasting SBF and the in- 
crease after the meal should be considered. Thus case 
3 of the control group had the high fasting SBF of 
1513 ml/min, but an increase of 18% only, while case 
10 of the angina group has a fasting flow of 948 ml/min 
and an increase of 30%. This means the patient from 
the control group had a maximal postprandial flow 
about 550 ml/min higher than the patient with ab- 
dominal angina. 

The patients in the group suspected of abdominal 
angina all had lesions of the mesenteric arteries, but 
less severe than those demonstrated in the abdominal 
angina group. The maximal and also the fasting flow 
were lower, but not significantly, than in the control 
group. This weight against the diagnosis, though it can- 
not be known with certainty that none of the group 
had ischemic pain during digestion. The hemodynamic 
significance of the arterial lesions are underlined from 
the fact, that the maximum flow also occurred later 
in this group. 

The splanchnic arterio-venous oxygen difference 
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Fic. 3. Flow curves before and after arterial reconstruction from two 
patients with abdominal angina. 


may render some additional information. The calcu- 
lated oxygen uptake during fasting and the increase by 
approximately 4096 after the meal is virtually the same 
for all groups. Consequently the postprandial arterio- 
venous oxygen extraction is highest in patients with 
adominal angina, who cannot increase their SBF, but 
postoperatively the oxygen extraction is normalized, 
indicating that SBF and oxygen extraction vary in- 
versely allowing constant oxygen uptake under varying 
flow conditions. 

How far SBF and changes in oxygen extraction in 
relation to a test meal can be taken as diagnostic of 
abdominal angina is difficult to assess from this small 
series. At present our proposition is: 1) A low ( « 1000 
ml/min) fasting SBF with no increase in maximal or 
mean SBF over a 70 min period after a 1000 cal. test 
meal and with an increased arterio-venous oxygen ex- 
traction weighs heavily in favour of the diagnosis of 
abdominal angina. 2) A low (< 1000 ml/min) fasting 
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SBF with an increase of at least 40% in maximal flow 
and 3076 in mean SBF after the test meal and no in- 
crease in arterio-venous oxygen extraction speaks 
against abdominal angina. 3) A high (1200 ml/min) fast- 
ing SBF with a small increase in mean and maximal 
SBF after the test meal points against abdominal angina 
provided the arterio-venous oxygen extraction remains 
in the low range. 

These criteria are met, where sufficient data are 
available, by the members of the control group, the 
abdominal angina group pre- and postoperatively, who 
having no postprandial pain, can be considered ‘‘nor- 
mals" with a high fasting flow. As for the patients 
suspected of abdominal angina we have at present no 
way to ascertain whether intestinal ischemia caused 
their pain. According to the proposed criteria none of 
them should have abdominal angina. 

Measurement of SBF before and after a test meal is 
a rather demanding procedure in terms of laboratory 
facilities and expertise. The information obtained 
seems, however, though of sufficient importance to 
merit further studies as to its diagnostic: value con- 
sidering the often very long time and many hospital 
admissions these patients at present suffer before the 
diagnosis of abdominal angina is established or dis- 
proved. 
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Experience with Reduction Clitoroplasty for 


Clitoral Hypertrophy 


ERIC W. FONKALSRUD, M.D.,* SOLOMON KAPLAN, M.D. BARBARA LIPPE, M.D. 


A technique for reduction clitoroplasty has been devised which 
provides an excellent cosmetic appearance for female patients 
with clitoromegaly due to virilizing CAH. Contrary to previous 
views, total clitorectomy should rarely, if ever, be considered 
as an initial method of management for children with clitoral 
hypertrophy. One of the 4 patients who has undergone re- 
duction clitoroplasty using the described technique has 
achieved sexual gratification on several occasions post- 
operatively without discomfort. 


NLARGEMENT OF THE CLITORIS is a prominent fea- 
ture of virilizing congenital adrenal hyperplasia 
(CAH) and occasional other malformations of the fe- 
male genitalia. In CAH recognition of the etiology of 
the clitoromegaly has made it possible to begin early 
adrenal suppression therapy and prevent continued 
postnatal virilization. Proper sex assignment and re- 
construction of the external genitalia, when necessary, 
Should be made before the age of two years in order 
to minimize the psychological and social problems for 
these children. 

Removal of the clitoris had been accepted as the 
standard method of management for severe clitoro- 
megaly in infants and young children for more than 
two decades. Reports published in the 1950's by 
Hampson’ and Kinsey? indicated that the clitoris is 
not an important organ for fulfillment of adult female 
sexual gratification, and this view was strongly sup- 
ported by Gross and associates? who in 1966 sum- 
marized the experience with clitorectomy in 47 girls 
afflicted with clitoromegaly. More recent studies of 
normal women, however, clearly document.the im- 
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portance of the clitoris in erotic stimulation.’ More- 
over, the current trend among both men and women 
toward awareness of the nature and function of normal 
anatomy makes total clitorectomy unacceptable. Al- 
though several authors have suggested operations to 
reduce the size of the clitoris without removing it, 
457 not until the report by Randolph and Hung? in 1970 
was an acceptable surgical technique for reduction 
clitoroplasty described in detail. The present report 
summarizes the experience with reduction clitoro- 
plasty in 4 children by use of a modified Randolph- 
Hung technique which provides a more desirable cos- 
metic result than that achieved in three other children 
who had undergone the previously described technique 
for clitoral reduction. 


Materials and Methods 


Seven children under the age of 16 years have under- 
gone reduction clitoroplasty for virilizing CAH or male 
pseudohermaphroditism at the UCLA Hospital during 
the past four years. Prior to that time, four additional 
patients underwent total clitorectomy. Although recon- 
struction ofthe external genitalia in patients with sexual 
ambiguity is recommended before the age of two, two 
patients were not referred for evaluation until the mid- 
adolescent years. Because of dissatisfaction with total 
clitorectomy as the method of managing clitoromegaly, 
and subsequently with the unfavorable cosmetic results 
stemming from the previously described clitoral reces- 
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Fics. 1E and F (E) Redun- 
dant clitoral foreskin ex- 
cised, leaving sufficient tis- 
sue to cover clitoral shaft 
and major portion of glans. 
(F) Edge of clitoral fore- 
skin sutured to labia in 
labioclitoral sulcus. 


sion procedure, the following technique for clitoral re- 
cession was developed. 


Operative Technique 


With the patient under general anesthesia, the knees 
are elevated over folded towels, in the frog-leg posi- 
tion. A Foley catheter is placed into the bladder through 
the urethra. An inverted U-shaped incision is made in 
the groove between the labial foreskin and the mons 
veneris and labia (Fig. 1A). The incision is extended 
downward on each side approximately to the mid-shaft 
level of the clitoris. 

The foreskin is elevated from the shaft of the clitoris 
to within 9 to 10 mm of the coronal sulcus. Dissection 
is continued proximally on the shaft of the clitoris 
directly on Buck's fascia, extending beneath the mons 
veneris down to the symphysis pubis (Fig. 1B). Dis- 
section of the skin and mucosa is not performed on the 
ventral third of the clitoris since this serves as the 
major vascular supply to the remaining foreskin. The 
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suspensory ligament of the clitoris is completely 
divided and the dissection is continued beneath the 
pubis, mobilizing the bifurcation of the corpora caver- 
nosi and extending out along each crus approximately 
1 to 1% cm (Fig. 1C). The shaft of the clitoris is then 
retracted posteriorly beneath the pubis by nonabsorb- 
able sutures placed between Buck's fascia, approxi- 
mately 10 to 15 mm from the glans clitoris, and the 
periosteum of the lower edge of the pubis (Fig. 1D). 
The shaft ofthe clitoris is recessed beneath the pubis as 
the sutures are tied. The previously mobilized free edge 
of the foreskin is then elevated and partially resected, 
leaving only enough skin to cover the shortened clitoral 
shaft and to extend slightly over the glans (Fig. 1E). The 
labial adipose tissue is approximated loosely over the 
clitoris with fine dexon. The free edge of the foreskin is 
then sutured to the free edge of the mons veneris and 
labia with interrupted fine dexon sutures (Fig. IF). The 
completed suture line will reside in the labioclitoral 
sulcus. 

The labial fusion (which is usually present) may then 
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Fics. 1G and H (G) Posterior 
incision made through fused 
labia overlying vagina. (H) 
Vulvar mucosa sutured to 
. labial skin at site of labial 
` Vagina fusion. 
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Fics. 2a and b (a, left) Ex- 
ternal genitalia of 20-month- 
old female with virilizing 
adrenal hyperplasia. (b, 
right) Genitalia from same 
patient 1 month after re- 
duction clitoroplasty. 
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be opened by making a vertical incision through the 
thin membrane until muscle is exposed posteriorly (Fig. 
1G). The vulvar mucosa is sutured to the adjacent skin 
with interrupted fine dexon sutures, thus exposing the 
vaginal introitus (Fig. 1H). 

The bladder catheter is removed within 24 hours 
after operation. Antibiotics are given preoperatively 
and continued during the first two postoperative days. 


Discussion 


Despite the earlier publication of views indicating 
that the clitoris is not essential for achieving satis- 
factory sexual gratification, the recent studies of Mas- 
ters and Johnson? as well as Randolph and Hung? make 
it clear that the clitoris clearly is important for erotic 
stimulation. We suggest that the clitoris should rarely, 
if ever, be excised for cosmetic reasons in patients 
with virilizing CAH. Our surgical technique for clitoral 
recession requires no resection of tissue from the mons 
veneris, leaves sufficient foreskin to provide a normal- 
appearing covering to the glans of the clitoris, and 
places the cutaneous suture line in the labioclitoral 
sulcus where is remains inconspicuous. The postopera- 
tive cosmetic appearance in four patients (three-month 
to 1!5-year followup) has been considerably better than 
that achieved in three patients who underwent the pro- 
cedure originally described by Randolph and Hung? 
(Figs. 2a and b). 

During the surgical dissection, sufficient space must 
be created beneath the pubis to accommodate the re- 
tracted clitoral shaft. Following removal of the Foley 
catheter, a 15-year-old girl experienced transient dis- 





Fics. 3a and b (a, left) 
Severe clitoromegaly in 16- 
year-old girl with virilizing 
adrenal hyperplasia. Note 
labial rugation. (b, right) 
External genitalia from same 
patient 6 weeks after reduc- 
tion clitoroplasty. 
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comfort with micturition which was presumed due to 
compression of the urethra by the posteriorly displaced 
clitoral shaft. This has not been a problem among sub- 
sequent patients. 

While mobilizing the shaft of the clitoris, care must 
be taken to leave the skin and mucosa attached to the 
ventral surface of the clitoris over a distance of at 
least one-third of the circumference in order to permit 
adequate blood supply to the remaining clitoral fore- 
skin. This tissue connection may also be helpful in 
maintaining neurogenic communication with the glans. 
In two of our four patients, the foreskin became some- 
what edematous during the early postoperative period; 
however, an excellent cosmetic result was achieved 
within one to two weeks (Figs. 3a and b). 

Two patients who have undergone clitoral recession 
were adolescents when the operation was performed. 
One of these patients, a 16-year-old girl, has achieved 
satisfactory sexual gratification on several occasions 
postoperatively. Negligible labial fusion was present in 
this patient. The clitoris was very large preoperatively 
and may have been considered by most authors as 
being unsuitable for a satisfactory recession operation. 
This patient has experienced no pain in the clitoris 
during tumescence resulting from sexual stimulation. 
Division of the artery in the suspensory ligament ap- 
pears to diminish the blood flow to the clitoris slightly, 
and this may make tumescence less prominent. It is 
our opinion that in almost all cases of clitoromegaly 
in infants and children, the initial operation should be a 
recession procedure, preferably before the age of two 
years. If the patient subsequently experiences signifi- 
cant discomfort repeatedly with sexual stimulation and/ 
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or tumescence, a second operation may be necessary 
to release the sutures retracting the clitoral shaft be- 
neath the pubis. The pubis may then be reattached to 
Buck's fascia more proximally on the shaft of the clito- 
ris, causing a less pronounced recession. If pain re- 
curs after reoperation, excision of a segment of the 
clitoral shaft may be necessary.!? 
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Studies of the Modified Venous Allograft 


LEONARD J. PERLOFF, M.D., DAVID T. ROWLANDS, JR., M.D., CLYDE F. BARKER, M.D. 


Segments of rat inferior vena cava were modified by proteolytic 
digestion and dialdehyde starch tanning in an attempt to alter 
their antigenic nature and increase their tensile strength. These 
tissues were found to retain their ability to sensitize allogeneic 
recipients in both the intradermal and intra-aortic positions in 
all 50 experimental animals. Furthermore, these grafts had a 
very high aneurysm formation (100%), and aneurysm rupture 
(54%) rate even in isogeneic recipients, suggesting that the 
modification procedure so damages the structural integrity of 
venous tissue that its use in clinical situations may have 
disastrous consequences. Histologic evidence of intimal thicken- 
ing, elastic disruption, and often severe acute and chronic 
inflammation supported the gross evidence of mechanical and 
immunologic damage and suggests that a mild brief course of 
immunosuppression may be indicated in clinical trials in 
situations in which autogenous saphenous vein is unavailable. 
Although the use of prosthetic mesh support for the graft may 
help to avoid structural changes, the introduction of synthetic 
materials may offset the theoretical advantages of the venous 
tissue. 


ROGRESS IN VASCULAR SURGERY is providing the 
P means for replacement or bypass of smaller vessels 
across longer distances. While it is generally agreed 
that many synthetic fabrics are suitable substitutes for 
large vessels in higher flow areas, autogenous tissue is 
still the material of choice for reconstructions involving 
lower flow, smaller caliber vessels such as the coronary 
arteries and those encountered below the popliteal 
trifurcation. With the increased use of autologous 
saphenous veins, surgeons are occasionally faced with 
the unavailability or inadequacy of the remaining 
veins, and they are being forced to continue their search 
for suitable arterial replacements. 

It is understood that materials used for vascular re- 
placement must be non-toxic, non-thrombogenic, and 
incapable of causing an inflammatory response vigor- 
ous enough to result in graft destruction or occlusion. 
Furthermore, if these materials are planned for use in 
patients who are considered to be potential recipients of 
renal, cardiac, or other organ or tissue allografts, they 
must lack antigenicity in terms of their ability to 
stimulate an immune response to human histocompati- 
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bility antigens. For this reason, only the autogenous 
saphenous vein, the modified bovine carotid arterial 
xenografts and, more recently, the expanded poly- 
tetrafluorethylene grafts? have been found to be 
acceptable for use in creation of subcutaneous 
arteriovenous (A-V) fistulae in these patients. 

A large experience with homologous arteries!” has 
led to the conclusion that these tissues are not only 
susceptible to aneurysmal degeneration and rupture, 
but also show very poor long-term patency rates. Re- 
garding autologous arteries, despite the reluctance of 
most surgeons to sacrifice these tissues, several 
reports?? have noted the successful use of hypo- 
gastric arterial autografts in over 100 clinical cases in- 
volving the iliac, carotid, and renal arteries. Homol- 
ogous veins have also been suggested as arterial re- 
placements, as well as for the creation of A-V fistulae, 
with the rationale that veins are not only weakly anti- 
genic, but may be less dependent than arteries on vasa 
vasora for nutrition.!*?8 However, studies in our 
laboratory!? as well as those of others" have not sup- 
ported this idea and, in fact, have documented the full 
antigenic potential of this tissue. 

Although fresh allografts of saphenous vein have 
been used successfully for the creation of A-V 
fistulae,?! fresh umbilical vein xenografts become aneu- 
rysmal when used for iliofemoral bypass.? Their 
smooth intimal surface and ability to withstand arterial 
pressures still make veins an attractive substitute for 
arteries. Therefore, several workers have attempted to 
modify human umbilical vein grafts in an attempt to 
decrease their antigenic nature by proteolytic digestion 
and increase their tensile strength with various tanning 
agents. This report reviews the effects of these modifi- 
cation procedures on the antigenicity and functional 
integrity of venous allografts in inbred rats, experi- 
mental animals which are well suited for evaluation of 
sensitization and rejection. 





Fic. 1. Modified venous grafts. Tubular shape of amorphous tissue 
maintained by presence of polyethylene tubing mandril ( x4). 


Materials and Methods 


Inbred strains of female rats, Lewis (AgB!) Fischer 
(AgB!) and Wistar-Furth (AgB?) weighing 225-250 g 
each, were obtained from Microbiological Associates 
(Walkersville, Maryland) and used for all experiments. 
Using a technique previously described,!? segments of 
supradiaphragmatic inferior vena cava (IVC), 9-11 
mm long, were removed from Lewis or Wistar-Furth 
donors, flushed with saline and threaded on a length of 
#17 gauge perforated polyethylene tubing. The grafts 
were then treated as follows: Ficin solution,* 1% buf- 
fered to pH 5.5, was flushed through the tubing, allow- 
ing it to come into contact with the intimal surface of the 
IVC. Following this, the entire graft, supported by the 
tubing, was incubated in a 1% ficin solution for 2.5 
hours at 37°. The grafts were then washed in running 
water for 30 minutes, and tanned at room temperature 
in 1.396 dialdehyde starch, pH 8.8, for 17 hours. These 
"modified" grafts were then stored in 40% ethanol at 
room temperature until use. This method is essentially 
identical to the one used commercially for the prepara- 
tion of bovine carotid arterial grafts.?* 

A second method of graft preparation, omitted the 
digestion with proteolytic enzyme (ficin) and consisted 
only of the dialdehyde starch treatment (1.3%, pH 8.8) 
for 17 hours. These grafts, also stored in 4076 ethanol, 
will be referred to as ‘‘tanned”’ IVC. 

Using microvascular techniques, the grafts were 
interposed into the divided infrarenal abdominal aorta 
of Lewis or Fischer recipients by end-to-end anas- 
tomoses with 9—0 nylon suture materials under 7x mag- 
nification. Graft patency was evaluated at the time of 
surgery by the criteria described by Acland,! and there- 
after by weekly palpation of the femoral pulse, and 





*A mixture of proteolytic enzymes found in the latex of some 
ficus species (Sigma Chemical Co., St. Louis, Mo.) 
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finally, by direct inspection at the time of removal for 
histologic evaluation. Animals with absent femoral 
pulses underwent immediate exploration and removal 
of the graft. 

Two other panels of Fischer rats received intrader- 
mal grafts of modified or tanned IVC. A dermatome 
was used to create a small intradermal pocket in the 
recipient's flank, into which was placed a segment of 
IVC allograft which had been opened longitudinally 
and turned endothelium side down before closing the 
skin flap over the graft. 

Fourteen days after vein grafting, all Fischer re- 
cipients of Lewis IVC grafts, both intra-aortic and 
intradermal, received test skin graft from Lewis donors 
using the method of Billingham.? Skin graft survival 
times were compared to those on untreated control 
animals to determine whether the IVC allografts were 
capable of sensitizing their hosts resulting in an ac- 
celerated rejection of the test skin grafts. Histologic 
specimens were fixed in 10% formalin and stained with 
hematoxylin and eosin, and Verhoeff's elastic stain. 


Results 


Physical Changes of Veins Following Modification 
and Tanning. 


After digestion with the proteolytic enzyme mixture, 
veins become amorphous and gelatinous (Fig. 1) and 
were essentially unrecognizable as tubular structures. 
Their shape was maintained only through the support of 
the polyethylene tubing mandril. Dialdehyde starch 
tanning converted the venous tissue into a thicker, 
tougher, opaque structure which was still easily 
handled and held sutures well. Histologic evaluation of 
the modified IVC showed that the veins had been re- 
duced to a loose veil of connective tissue. Tanning 
alone, without the ficin treatment, led to minimal 
changes in architecture. 


TABLE l. Median Survival Times (MST) of Donor Strain Skin 
Grafts on Recipients of Various Types of Venous Allografts 


MST 
Donor — Recipient Rats Vein Allograft (Days) 
Lewis — Fischer 10 None (Control) 11.8 + 0.7 
(S.D. = 1.10) 
Lewis — Fischer 10 Intradermal 8.8 + 0.28 
Modified (S.D. — 1.06) 
Lewis — Fischer 8 Intradermal 9.0 + 0.30 
Tanned (S.D. = 1.05) 
Lewis — Fischer 10 Intra-aortic PAE OST 
Modified (S.D. = 1.125) 
Lewis — Fischer 20 Intra-aortic 8.0 + 0.0 
Tanned (S.D. = 1.0) 
Lewis — Fischer 8 Intra-aortic 8.0 + 0.0 
Fresh (S.D. — 1:0) 
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TABLE 2. Condition of Intra-Aortic Grafts at Time of Removal 





Graft Number 
Donor Recipient Treatment Grafts 
Lewis — Lewis Modified* 5 
Lewis — Fischer Modified 12 
Wistar-Furth — Fischer Modified 4 
Lewis — Lewis Tanned* 8 
Lewis — Fischer Tanned 21 
Lewis — Fischer Fresh 60 





Aneurysm Follow-up 

Patency (9€) Rupture (Weeks) 
5 5 (100) 0 11-12 
11 12 (100) 2 4-19 
4 4 (100) 0 18-20 
8 8 (100) 5 2-4 
21 21 (100) 20 2-21 
60 2 (3.3) 0 >50 








* Modified = Pretreatment with ficin digestion and dialdehyde starch tanning. 


* Tanned = Dialdehyde starch tanning only. 


Antigenic Nature of Vein Allografts —Table 1 


The median survival times of Lewis skin grafts on 
Fischer recipients of intradermal venous allografts 
were significantly shorter in both the modified (8.8 
+ 0.28 days) and tanned (9.0 + 0.3 days) groups com- 
pared to the grafts on untreated control animals (11.8 
+ 0.7 days). Accelerated rejections of Lewis skin grafts 
also occurred in the recipients of intra-aortic grafts: 
7.4 + 0.7 days for the rats with modified allografts and 
8.0 + 0.0 days in the tanned group. Skin grafts were 
not performed in the WF — F group because of the 
difficulty in determination of second set survival times 
across strong histoincompatibilities. This accelerated 
rejection of vein donor skin grafts is evidence alone 
that the venous allografts served as an effective 
stimulus to transplantation immunity even when chem- 
ically altered i.e., they were normally antigenic. 


Structural Characteristics of IVC Allografts Following 
Transplantation — Table 2 


Forty-nine of 50 modified and tanned grafts main- 
tained patency for follow-up periods as long as 20 weeks; 
however, every graft became aneurysmal and 27 of 50 
(5496) ruptured (Figs. 2a and b). Most of the ruptures 
occurred within the first month post-transplantation. 
All tanned and modified allografts and isografts revealed 
mild to marked chronic and acute inflammation, 
significant thickening of the intima, and a gener- 
alized disruption of the medial elastic fibers (Fig. 
3). These results are in marked contrast to those 
in 60 fresh vein allografts followed for longer than 
one year and reported elsewhere. In this group, 
there was a 100% patency, with only two aneu- 
rysms (3.3%), both of which occurred in grafts noted 
to have a distal stenosis at the time of the original 
procedure. Histologic changes were of a much milder 
nature in the fresh venous allograft and minimal in- 
flammatory response occurred. 

A finding which had been noted in a previous study 
of sensitized recipients of fresh vein allografts was the 
distribution of elastica-positive material in the thick- 


ened intimal layer. This was again seen in many of the 
allografts in this study, both modified and tanned, but 
in none of the isografts and it suggests the effect of a 
rapid and vigorous immunological injury (Fig. 4). 


Discussion 


The above study demonstrates that digestion of the 
venous allograft with a proteolytic enzyme solution will 
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Fics. 2a and b. Aneurysm of modified venous allograft, 5 weeks. 
(a Top). Note thickened wall and marked intimal roughening in 
opened aneurysm. (b Bottom). (x3). 
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Fic. 3. Modified venous al- 
lograft, 5 weeks. Note 
thickened intima (short ar- 
rows), and mild inflam- 
matory response (Ver- 
hoeff's stain, x 260). 





not change the normal antigenicity of this tissue in 
terms of its ability to initiate a cell mediated immune 
response. This is clearly seen in the accelerated re- 
jection of test skin grafts from the vein donor strain, 
a sensitive and reliable indicator of previous sensitiza- 
tion. However, a number of reports suggest that the 
humorally mediated immune response is significantly 
depressed. Mattila and Fogarty!? have shown that intra- 
dermal injections of suspensions of modified bovine 
aorta and porcine aortic value produce minimal pre- 
cipitin lines in gel diffusion experiments in rabbits. De- 
Falco? found modified bovine carotid arteries to be non- 
immunogenic when tested by in vitro techniques such 
as precipitin, hemagglutination, hemagglutination in- 
hibition, immunodiffusion and in vivo anaphylaxis pas- 
sive anaphylaxis, and passive cutaneous anaphylaxis. 

Our results also suggest that modification of venous 
tissue by tanning or digestion may weaken its structural 
integrity, since aneurysmal degeneration was noted in 
all of the isografts and allografts compared to only 2 of 
60 fresh venous allografts and in none of the fresh 
isografts. Furthermore, 27 of 50 grafts actually ruptured 
within four months, contrary to the data of Dardik 


— ————— — 


Fic. 4. Modified venous allograft, 3 weeks. Elastica-positive material 
in thickened intima, (arrows) suggestive of vigorous immune reaction 
(Verhoeff's stain, x 100). 
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et al.5 who showed minimal aneurysmal degeneration 
up to 12 weeks in tanned human umbilical vein grafts 
interposed in baboon aortas. In the same report, these 
authors demonstrated that five of 8 glutaraldehyde 
treated human umbilical vein grafts maintained patency 
up to 8 months in patients with threatened limb loss. 
In addition, A-V fistulae constructed with the same tis- 
sue, maintained patency in a high percentage of cases 
without ectasia or aneurysm formation in primates.” 

One possible explanation for the remarkable success 
in the latter experiments may be the presence around 
the graft of a loosely woven polyester fiber mesh which 
seemed to increase the tensile strength of the compos- 
ite graft. It is evident from another series of experi- 
ments by Dardik and co-workers? that fresh unsup- 
ported umbilical vein will become aneurysmal rapidly 
in the arterial system and, in many cases, show ex- 
tensive focal necrosis as did the treated veins in our 
panel of rats. 

Glutaraldehyde or dialdehyde starch tanning causes 
intermolecular cross linking of proteins producing a 
variety of possible products none of which has been 
specifically isolated and identified. This has led to the 
use of these agents for stabilization of porcine aortic 
valve xenografts!9??2* in human and experimental car- 
diac valvular replacement. These grafts compare favor- 
ably with other prosthetic devices and show greater 
durability than the previously used formalin-fixed por- 
cine aortic valves,” and fresh human aortic valve al- 
lografts?* which often showed irregular leaflet thicken- 
ing and calcification not unlike that seen in fresh canine 
venous allografts.” It has been suggested that the 
destructive changes noted in those grafts are related 
to a combination of technical factors at the time of 
implantation, physical factors or non-specific bio- 
degradation of exposed structural elements (collagen), 
and immunological factors resulting in disruption of the 
endothelial layer and infiltration of the valve substance 
with mononuclear cells. A similar situation probably 
exists with the venous tissues used in our experiments 
in that even in a panel of rats in which no immuno- 
logic influence should play a part, i.e. the venous iso- 
grafts, all five animals developed aneurysms. Our re- 
sults also do not support the contention that dialde- 
hyde starch tanning alone improves tensile strength of 
venous tissue as shown by the higher incidence of aneu- 
rysm rupture (25/29) in the tanned grafts than in un- 
treated grafts (0/60). 

Using bovine arterial grafts, and mouse, rat, guinea 
pig grafts, Schechter and others!??5 concluded that 
glutaraldehyde treatment will prolong graft survival 
through a reduction in the immunogenic nature of the 
graft. Not only did he demonstrate a failure of host 
cytotoxic antibody response and a normal rejection 
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time of subsequent test skin grafts from the donors of 
the glutaraldehyde treated skin, he also noted a reten- 
tion of the general cyto-architecture. 

Critical evaluation of these data, however, reveals that 
glutaraldehyde treated skin grafts never became vas- 
cularized and were, in fact, nonviable, similar to grafts 
treated in vitro with formalin, cyanide, or freeze-drying 
as reviewed by Im and Simmons.” Therefore, *‘pro- 
longation" of graft survival was really a thorough fixa- 
tion of the tissue, inhibiting the appearance of 
shrinkage, autolysis and rejection. These characteris- 
tics of non-viability which would make skin allografts 
a useful biological dressing, serve to make the modified 
venous allografts a poor vascular substitute in that loss 
of tensile strength could lead to disastrous complica- 
tions in humans. 

Despite encouraging results with modified human 
umbilical veins in clinical trials? our findings imply 
that further evaluation be carried out with caution. The 
suggestion by Dardik et al.5 that synthetic mesh be used 
to support these veins may help to avoid the high rate 
of aneurysmal degeneration and rupture seen in our 
experiments, but the use of a synthetic material, with 
its attendant risks of infection and decreased healing 
properties, may offset the proposed advantages. In ad- 
dition, the normal antigenic nature of our modified IV C 
grafts must preclude their use in prospective recipients 
of renal or any other organ allografts for fear of stimu- 
lating an immune response to shared antigens. Support 
for this approach is seen in the report of Piccone and 
co-workers?! who used vein allografts for A-V fistulae. 
Although 9 of 11 grafts were functioning at one year, 
the two early failures occurred in recipients with blood 
groups which were not compatible with that of the 
vein donor. Ochsner et al.!8 also found that no fresh 
venous allograft remained patent when transplanted 
into a patient with an ABO incompatibility with the 
graft. 

We conclude that clinical trials of modified vein al- 
lografts must move cautiously. When a standard sub- 
cutaneous A-V fistula is not feasible, or has failed, the 
bovine heterograft has been used in many successful! 
trials. For replacement of small vessels, further 
search for a substitute for unavailable or inadequate 
autogenous saphenous vein appears warranted. The 
use of the saphenous vein allograft with a brief course 
of immunosuppression may be a reasonable alterna- 
tive.” At present, the use of the modified vein allo- 
graft, with or without fabric support, must be considered 
an experimental technique. 
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sensitivity to cephalosporin antibiotics. 
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CUSTOM-STRETCH” 
that fiie a wide ranse of lege 
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"ANAEROBIC INTRA-ABDOMINAL 


INFECTIONS: 


A MATTER OF MORBIDITY AND MORTALITY 





© 1977 The Upjohn Company 


Beware the breached bowel 


Today, it is recognized that a majority of postoperative 
wound infections of the gastrointestinal tract are 
caused by contamination of the operative wound by 
endogenous organisms. When the bowel is opened by 
trauma, disease, or Surgical manipulation, the 
organisms may gain access to the wound. Often, 
anaerobic fecal microorganisms are the cause of these 
infections. Even where visible spillage of contaminated 
bowel contents does not occur, the rate of sepsis in 
“clean contaminated” wounds is three times 
higher than in wounds contaminated only 
by bacterial fallout from the 
environment. 


Summary 


d 


es fragilis, clostridia species, and anaerobic cocci. 


394 


Anaerobic fecal microorganisms are frequently implicated in the 
majority of postoperative abdominal wound infections. The major 
culprits are Bacteroi 


Intra-abdominal anaerobic sepsis characterized by peritonitis and abscess 
formation usually starts between the seventh and tenth postoperative days. These 
intra-abdominal infections are associated with a particularly high incidence of 
morbidity resulting in hospitalization of patients for periods of 21 days to 80 days. 
As part of the total management of serious intra-abdominal infections, successful 
antibiotic therapy should incorporate antibiotics indicated and effective against the 
anaerobic as well as the aerobic pathogens that are present. 





The anaerobic trilogy 


In virtually all intra-abdominal 
infections, there is a recurring trilogy 
of anaerobes that are seen either 
singly or in combination, often mixed 
with aerobes. 

This trilogy is composed of 
Bacteroides fragilis, clostridia 
species, and anaerobic cocci, 
particularly peptostreptococci and 
peptococci. In studies, B. fragilis has 
been isolated from 65% of intra- 

-.. abdominal infections, clostridia in 
-... 6096, and anaerobic cocci in 32%. 


In sepsis, the seventh 
postoperative day 
can be significant 


[he common wound 
actions caused by aerobic 
anisms typically develop 
clinical signs 
around the 
fifth to seventh 
postoperative 
day. Sepsis 
caused by 
anaerobic micro- 
isms occurs later in the post- 
e period, usually between 
Wand tenth days. An intra- 
abdominal wound abscess that 
occurs weeks to several months 
postoperatively is almost always 
due to anaerobic microorganisms, 
often together with facultative 
bacteria. 


















Clinical evidence 
of infection important 


The mere presence of aerobic or 
anaerobic bacteria in an operative 
incision is not synonymous with 

clinical infection. The differentiation 
- between bacterial contamination and 


wound infection is a clinical decision. 
Evidence of wound sepsis includes 
wound tenderness that increases 
progressively in severity. Initially 
there is fever without spikes, but 
often spiking occurs in the afternoon 
or eenma returning to normal by 
morning. It is important to emphasize 
that a positive anaerobic culture with- 
out clinical signs is not an infection. 


Clinical course 
of anaerobic infections 


The first event in an anaerobic 
intra-abdominal infection is either 
peices or localized peritonitis. 

f the patient survives early peritonitis, 
the usual progression is walling off of 
the infection, and abscess formation. 
These collections of pus can be 
located intraperitoneally, retro- 
peritoneally, or within the viscera. 
Whether in the early peritonitis stage 
or in the later abscess stage, culture 
of purulent material yields anaerobes 
in the majority of cases. In fact,9096 
to 96% of intra-abdominal infections 
occurring with bowel perforation 
have been reported to be associated 
with anaerobic bacteria. 


Unusually high incidence 
of morbidity 
and mortality 


The highest incidence of anaerobic 
wound infection (usually B. fragilis 
and gram-negative organisms such 
as E. coli may both be isolated) follows 
resection of the large bowel— 10% to 
1596. An infection rate of 596 to 1096 
may occur after surgical procedures 
involving the biliary tract and small 
intestine, whereas the rate following 
gastric or duodenal surgery is some- 
what lower. It should be borne in 
mind that these infection rates are 


for elective operations. However, in 
emergency surgery for perforated 
appendicitis, diverticulitis, or 
traumatic wounds of the intestine, 
the infection rate can approach 40%. 
Moreover, unusually long periods of 
morbidity are generally associated 
with intra-abdominal abscesses. 
Periods of hospitalization ranging 
from 21 days to 47 days for patients 
with intraperitoneal abscesses and 
57 days to 80 days for patients with 
retroperitoneal abscesses have been 
reported. Mortality rates have 
been reported to range from 2% for 
patients with abscesses complicating 
acute appendicitis to 100% in 
patients with undrained hepatic, 
pancreatic, or retroperitoneal 
abscesses. 


The role of antibiotics 
in therapy 


Marked reduction in morbidity and 
mortality inanaerobic intra-abdominal 
infections is possible with earlier 
diagnosis, adequate surgical drain- 
age, and proper choice of antibiotics. 
Successful use of antibiotics in 
infections complicating intestinal 
surgery involves knowledge of the 
probable organisms likely to be 
found in various clinical settings, the 
susceptibility of these organisms to 
antibiotics, and the risk of the 
infection to the patient in any given 
set of circumstances. In general, 
antibiotic therapy for serious intra- 
abdominal infections, whether in the 
acute phase or in the chronic 
abscess stage, should include drugs 
to manage anaerobic bacteria as well 
as facultative and aerobic organisms. 

For information on one antibiotic 
to consider in treating serious intra- 
abdominal infections caused by 
infectious anaerobes, please turn 
the page. 
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Upjohn. 
Therapeutic considerations... 


Anaerobic activity: Cleocin® 
POs (clindamycin phosphate 
injection) has proved to be effec- 
tive in a variety of serious intra- 
abdominal infections caused by 
susceptible anaerobic orga- 
nisms including gram-positive 
cocci, and gram-positive and 
gram-negative bacilli. Specifi- 
cally, the activity of clindamycin 
has been established in the fol- 
lowing conditions: septicemia; 
serious intra-abdominal infec- 
tions such as peritonitis and © 
intra-abdominal abscess; seri- | 
ous infections of the female pel- 
vis and genital tract such as 
endometritis, nongonococcal ; 
tubo-ovarian abscess, pelvic 3 
cellulitis, and postsurgical 
vaginal cuff infection; serious 
lower respiratory tract infections 
such as empyema, anaerobic 
pneumonitis, and lung abscess; 
and serious skin and soft-tissue 





infections caused by susceptible e 


strains of bacteroides, fusobac- 
teria, eubacteria, actinomyces, 
peptococci, microaerophilic 
streptococci, and clostridia? 

Since disc susceptibility testing with current methods 
is not reliable for anaerobes, in vitro dilution methods should 
be used to determine susceptibility to clindamycin. 

Also of value in serious aerobic gram-positive infections 
caused by susceptible streptococci, staphylococci, and 
pneumococci. The use of Cleocin POs in gram-positive infec- 
tions has been investigated both clinically and bacteriologi- 
cally. Because of the risk of colitis, as described in the 
WARNING box, before selecting clindamycin the physician 
should consider the nature of the infection and the suitability 
of less-toxic alternatives (e.g., erythromycin). 

Indications include: serious lower respiratory tract in- 
fections such as pneumonia caused by susceptible staphylo- 
cocci; serious soft-tissue infections such as deep abscesses 
and deep traumatic or surgical wound infections caused by 
susceptible staphylococci and streptococci; septicemia 
caused by susceptible staphylococci and streptococci; and 
acute hematogenous osteomyelitis caused by susceptible 
staphylococci. In many instances, the evaluated cases 


* Clostridia are more resistant than most anaerobes to clindamycin. Some species, e.g.. 
C. sporogenes and C. tertium, are frequently resistant to clindamycin 
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have been secondary to massive 
wounds, surgery, or debilitating 
disease. With few exceptions, 
the organisms proved suscepti- 
ble in vitro and were success- 
fully eradicated from the clinical 
lesions. 

Other therapeutic considera- 
tions: 

1. Cleocin POs (clindamy- 
cin phosphate injection) is 
clinically effective in serious 
infections caused by penicillin- 
resistant or penicillinase-pro- 
ducing staphylococci. However, 
staphylococcal strains resistant 
to clindamycin have been en- 

i i countered, and susceptibility 
testing should be performed. 
* 2. Cleocin POs is useful in 
patients who are sensitive to 
penicillin. Clindamycin does not 
m share antigenicity with the peni- 
cillins; however, hypersensitivity 
reactions have been reported 
with clindamycin therapy. If a 
hypersensitivity reaction occurs, 
the drug should be discontinued. 
Serious anaphylactoid reactions 
require immediate emergency 
treatment with epinephrine. Oxygen and intravenous corti- 
costeroids should also be administered as indicated. 

Thus, Cleocin POs can fill a need for both penicillin- 
sensitive patients and those with serious infections caused 
by penicillin-resistant staphylococci. 

As with all antibiotics, Cleocin POs should be used with 
caution in atopic patients. Clindamycin has demonstrated 
cross-antigenicity with lincomycin. 

Cleocin POs should be reserved for serious infections 
where less-toxic antimicrobial agents are inappropriate, as 
described in the Indications section of the brief summary on 
the following page. 
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If significant diarrhea or colitis occurs during therapy, 
this antibiotic should be discontinued. (See WARNING 
box and summary of prescribing information on follow- 


ing page.) 





STERILE SOLUTION — FOR INTRAMUSCULAR AND INTRAVENOUS USE 
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Cleocin Phosphate 


(clindamycin phosphate injection, N.F.) 


CLEOCIN® PHOSPHATE (clindamycin phosphate 
injection) Sterile Solution—For Intramuscular 
and Intravenous Use. 










WARNING 


Clindamycin can cause severe colitis which 
may end fatally. Therefore, it should be re- 
served for serious infections where less toxic 
antimicrobial agents are inappropriate, 
as described in the Indications Section. It 
should not be used in patients with nonbac- à 
terial infections, such as most upper respiratory tract infec- 
tions. The colitis is usually characterized by severe, persistent 
diarrhea and severe abdominal cramps and may beassociated 
with the passage of blood and mucus. Endoscopic examina- 
tion may reveal pseudomembranous colitis. 

When significant diarrhea occurs, the drug should be dis- 
continued or, if necessary, continued only with close observa- 
tion of the patient. Large bowel endoscopy has been 
recommended. 

Antiperistaltic agents such as opiates and diphenoxylate 
with atropine (Lomotil®) may prolong and/or worsen the con- 

ition. 

Diarrhea, colitis, and pseudomembranous colitis have been 
observed to begin up to several weeks following cessation of 
therapy with clindamycin. 


























Each ml contains: 
clindamycin phosphate equivalent to.....................s usus. 150mg 


benzyl alcohol... ..5..: initiate perra ero epo Ha he zar eR aper 

disodium edetate ... 

water for INJECTION: serseri ieri on Deo Fr onu y remo Yee eee au ees ENOU qs 

When necessary, pH adjusted with NaOH and/or HCI. 

Indications: Clindamycin is indicated in the treatment of serious 
infections caused by susceptible anaerobic bacteria. 

Clindamycin is also indicated in the treatment of serious infec- 
tions due to susceptible strains of streptococci, pneumococci, and 
staphylococci. Its use should be reserved for penicillin-allergic 
patients or other patients for whom, in the judgment of the physician, 
a penicillin is inappropriate. Because of the risk of colitis, as de- 
scribed in the WARNING box, before selecting clindamycin the phy- 
sician should consider the nature of the infection and the suitability 
of less toxic alternatives (e.g., erythromycin). 

Anaerobes: Serious respiratory tract infections such as empyema, 
anaerobic pneumonitis and lung abscess; serious skin and soft 
tissue infections; septicemia; intra-abdominal infections such as 
peritonitis and intra-abdominal abscess (typically resulting from 
anaerobic organisms resident in the normal gastrointestinal tract); 
infections of the female pelvis and genital tract such as endometritis, 
nongonococcal tubo-ovarian abscess, pelvic cellulitis and postsurgi- 
cal vaginal cuff infection. 

Streptococci: Serious respiratory tract infections; serious skin and 
soft tissue infections; septicemia. 

Staphylococci: Serious respiratory tract infections; serious skin 
and TR tissue infections; septicemia; acute hematogenous osteo- 
myelitis. 

Pneumococci: Serious respiratory tract infections. 

. Adjunctive Therapy: In the surgical treatment of chronic bone and 

joint infections due to susceptible organisms. Indicated surgical 

procedures should be performed in conjunction with antibiotic 
erapy. 

Bacteriologic studies should be performed to determine the caus- 

ative organisms and their susceptibility to clindamycin. 
Contraindications: History of hypersensitivity to clindamycin or 
lincomycin. 
Warnings: (See WARNING box.) Mild cases of colitis may respond to 
drug discontinuance alone. Moderate to severe cases should be 
managed promptly with fluid, electrolyte and protein supplementa- 
tion as indicated. Systemic corticoids and corticoid retention enemas 
may help relieve the colitis. Other causes of colitis should also be 
considered. 

A careful inquiry should be made concerning previous sensitivities 
to drugs and other allergens. Antagonism has been demonstrated 








between clindamycin and erythromycin in vitro. Be- 
cause of possible clinical significance, these two 
drugs should not be administered concurrently. 

Usage in Pregnancy: Safety for use in pregnancy 
has not been established. 

Usage in Newborns and Infants: When clindamy- 
cin phosphate is administered to newborns and 
infants, appropriate monitoring of organ system 
functions Is desirable. 

Nursing Mothers: Clindamycin has been reported 
to appear in breast milk in ranges of 0.7 to 3.8 
mcg/ml. 

Usage in Meningitis: Since clindamycin does not diffuse ade- 
quately into the cerebrospinal fluid, the drug should not be used in 
meningitis. 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE. OXYGEN AND INTRAVENOUS 
CORTICOSTEROIDS SHOULD ALSO BE ADMINISTERED AS INDICATED. 
Precautions: Review of experience to date suggests that a subgroup 
of older patients with associated severe illness may tolerate diarrhea 
less well. When clindamycin is indicated in these patients, they 
should be carefully monitored for change in bowel frequency. Pre- 
scribe with caution in individuals with a history of gastrointestinal 
disease, particularly colitis. 

Do not inject intravenously as an undiluted bolus; infuse as di- 
rected in package insert. Indicated surgical procedures should be 
performed in conjunction with therapy. Patients with very severe 
renal disease and/or very severe hepatic disease accompanied by 
severe metabolic aberrations should be dosed with caution and 
serum clindamycin levels monitored during high dose therapy. 

Prescribe with caution in atopic individuals. During prolonged 
therapy, periodic liver and kidney function tests and blood counts 
should be performed. Use may result inovergrowth of nonsusceptible 
organisms, particularly yeast. Should superinfection occur, adjust 
therapy as clinical situation dictates. Clindamycin has been shown 
to have neuromuscular blocking properties that may enhance the 
action of other neuromuscular blocking agents. Use with caution in 
patients receiving such agents. 

Adverse Reactions: Gastrointestinal: Abdominal pain, nausea, vomit- 
ing and diarrhea. (See WARNING box.) Hypersensitivity Reactions: 
Maculopapular rash and urticaria have been observed. Generalized 
mild to moderate morbilliform-like skin rashes are the most fre- 
quently reported of all adverse reactions. Rare instances of erythema 
multiforme, some resembling Stevens-Johnson syndrome, have 
been associated with clindamycin. A few cases of anaphylactoid 
reactions have been reported. If a hypersensitivity reaction occurs, 
the drug should be discontinued. The usual agents (epinephrine, 
corticosteroids, antihistamines) should be available for emergency 
treatment of serious reactions. Liver: Jaundice and abnormalities in 
liver function tests have been observed during clindamycin therapy. 

Hematopoietic: Neutropenia, eosinophilia, agranulocytosis and 
thrombocytopenia have been reported; no direct etiologic relation- 
ship to concurrent clindamycin therapy has been made. 

Local Reactions: Pain, induration and sterile abscess have been 
reported after intramuscular injection and thrombophlebitis after 
intravenous infusion. Reactions can be minimized or avoided by 
giving deep intramuscular injections and avoiding prolonged use of 
indwelling intravenous catheters. 

How Supplied: Available as sterile solution with each ml containing 
clindamycin phosphate equivalent to 150 mg clindamycin base. 
Ampoules of 2 and 4 ml. 

Caution: Federal law prohibits dispensing without prescription. 

For additional product information see your Upjohn representative. 
J-5429-9 MEDB-5-S 
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PERSISTENT 








It takes a special kind of 
analgesic to meet the need. 
Talwin 50 mg. has what it takes: 


Tolerance to its analgesic 
effect has been reported 
only rarely. 


Potency in the codeine 
range — analgesia equivalent 
to 60 mg. codeine. 


THE LOGICAL ALTERNATIVE 

TO OPIATES FOR RELIEF OF 
PERSISTENT PAIN OF MODERATE 
TO SEVERE INTENSITY 


Talwinuc Ome 


equivalent to 50 mg. base 


pentazocine HCI" 


SATURDAY 8 P.M. Winthrop 


See next page for important product information including 
warnings, precautions, adverse reactions, and patient selection. 








Talwin HCI 50me 


brand of equivalent to 50 mg. base 


pentazocine HCI«* 


Please consult full prescribing information before prescribing. A 
summary follows: 

Talwin HCI is intended for the relief of moderate to severe pain. One 

50 mg. tablet appears equivalent in analgesic effect to 60 mg. ( 1 gr.) of 
codeine. Talwin is a weak narcotic antagonist with sedative activity. 
Contraindication 

Hypersensitivity to pentazocine. 

Warnings 

Drug Dependence. There have been instances of psychological and 
physical dependence on parenteral Talwin in patients with a history of 
drug abuse and, rarely, in patients without such a history. A brupt 
discontinuance following the extended use of parenteral Talwin has 
resulted in withdrawal symptoms. There have been a few reports of 
dependence and of withdrawal symptoms with orally administered Talwin. 
Patients with a history of drug dependence should be under close 
supervision while receiving Talwin orally. 

In prescribing Talwin for chronic use, the physician should take 
precautions to avoid increases in dose by the patient and to prevent the 
use of the drug in anticipation of pain rather than for the relief of pain. 
Head Injury and Increased Intracranial Pressure. Talwin may elevate 
cerebrospinal fluid pressure. This may be markedly exaggerated in the 
presence of head injury, intracranial lesions and a preexisting increase in 
intracranial pressure. Talwin may obscure the clinical course of patients 
with head injuries. Talwin should be used with extreme caution in such 
patients and only if its use is deemed essential. 

Usage in Pregnancy. Although no teratogenic or embryotoxic effects have 
been reported in animals, Talwin HCI should be administered to pregnant 
patients (other than labor) only when potential benefits outweigh possible 
hazards; and cautiously in labor of women delivering prematurely. 

Acute CNS Manifestations. In therapeutic dosage, rarely, transient 
hallucinations, disorientation, and confusion may occur. Observe such 
patients carefully and check vital signs. Use caution if the drug is 
reinstituted. 

Usage in Children. Not presently recommended under 12. 


Ambulatory Patients. Since sedation, dizziness, and occasional euphoria 
have been noted, ambulatory patients should be warned not to operate 
machinery, drive cars, or unnecessarily expose themselves to hazards. 
Precautions 

Oral Talwin has been rarely reported to cause respiratory depression. It 
should be used with caution in patients with respiratory depression, 
deverely limited respiratory reserve, bronchospasm, cyanosis, renal or 
hepatic dysfunction, convulsive disorders and those about to undergo 
biliary surgery. As with all drugs, use with caution in patients with 
myocardial infarction who have nausea or vomiting. Patients previously 


THE LOGICAL 
ALTERNATIVE TO 
OPIATES FOR RELIEF 
OF PERSISTENT PAIN 
OF MODERATE TO 
SEVERE INTENSITY 


m Potency in the codeine range — 
analgesia equivalent to 60 mg. 
codeine 

B A low risk of tolerance — has been 
reported only rarely 

m Patients with chronic pain receiv- 
ing Talwin 50 mg. for prolonged 
periods rarely experience with- 
drawal reactions when the drug is 
abruptly stopped: There have been 
a few reports of dependence and of 
withdrawal symptoms with orally 
administered Talwin. Patients with 
a history of drug dependence should 
be under close supervision while 
receiving Talwin orally 

m Significant abnormalities of liver 
and kidney function have not been 
reported — even after extended use 


given narcotics, including methadone, may experience withdrawal 
symptoms after receiving Talwin. 

Adverse Reactions i 

Reactions reported after oral administration of Talwin include 
gastrointestinal: nausea, vomiting; infrequently constipation; and rarely 
abdominal distress, anorexia, diarrhea. CNS effects: dizziness, 
lightheadedness, sedation, euphoria, headache; infrequently weakness, 
disturbed dreams, insomnia, syncope, visual blurring and focusing 
difficulty, hallucinations; and rarely tremor, irritability, excitement, 
tinnitus. Autonomic: sweating; infrequently flushing; and rarely chills. 
Allergic: infrequently rash; and rarely urticaria, edema of the face. 
Cardiovascular: infrequently decrease in blood pressure, tachycardia. 
Hematologic: rarely depression of white blood cells (especially 
granulocytes), which is usually reversible, moderate transient 
eosinophilia. Other: rarely respiratory depression, urinary retention, 
paresthesia, toxic epidermal necrolysis. 

Dosage and Administration 

Adults: The usual initial adult dose is 1 tablet (50 mg.) every three or 
four hours. This may be increased to 2 tablets (100 mg.) when needed. 
Total daily dosage should not exceed 600 mg. Tolerance is rare. Abrupt 
discontinuance following chronic use has rarely caused withdrawal 
symptoms. Talwin is not subject to narcotic controls. 

Overdosage 

Oxygen, parenteral naloxone, intravenous fluids, vasopressors, assisted or 
controlled ventilation, and other supportive measures should be employed 
as indicated. 
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“Current abstracts are amplified and illuminated by comments of the mem- 
bers of the Editorial Board, based on their own clinical experiences as well as 


those of other recognized authorities’... just one of the reasons why 
Lippincott's 


HEVIEVV OF 


SURGERY 


Editor: Lloyd M. Nyhus, M.D. 


Associate Editors: Robert E. Condon, M.D., 
W. G. Schenk, Jr., M.D., Seymour Schwartz, M.D. 


helps Resident (special rate only $13.00) and Veteran Surgeon alike to 
keep up with current progress, trends, and attitudes in all branches of 
surgery and the surgical specialties. 


A true saver of precious reading time—from its detailed Contents Pages to 
its meaty reviews, and abstracts especially classified for reader convenience— 
a typical issue includes: 


e Focus—several Reviews of timely or other 
special significance 
e An original Report of major importance 


e Twenty or more Abstracts with Commentary 
(and oft-times, rebuttal) 


e Residents Corner—comprising Brief (1 to 3-page) 
Reports and Investigations 


e in-depth Reviews of Current Books in Surgery 


TO PUT THE BIMONTHLY REVIEW OF SURGERY AT YOUR FINGERTIPS NOW, 
SUBSCRIBE TODAY ... 


J. B. LIPPINCOTT COMPANY, East Washington Square, Philadelphia, Pa. 19105 AS 8/77 


Please enter my subscription to REVIEW OF SURGERY for 1 year (6 issues), at 
$18 (U.S.); O $22 (all other countries); Resident Rate D $14 (U.S. only; also note 
































"year" of residency and Specialty - i ). 

PLEASE PRINT [] Payment Enclosed. 
Name - - Charge my account. 
Address H My Specialty is: 





City/State/Zip 











YOU CAN RELIEVE 
: ANXIETY PROMPTLY WITH 
INJECTABLE VALIUM (diazepam) 


Whenever apprehension, anxiety or stress reactions are 
present—as they so often are in a surgical setting— 
Injectable Valium can be a useful adjunct. While not itself 
an analgesic, Injectable Valium often is used concomi- 
tantly with a narcotic analgesic to reduce the patient's 
agitation and tension. 
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Every day, healthy people 
leave the hospital- 
carrying resistant staph. 





*Ross, S. et al.: JAMA 229: 1075 (Aug. 19) 1974. 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 


Combined Prostaphlin® (oxacillin sodium) 
Capsule and Oral Solution (11) PROSTAPHLIN 9/11/75 


For complete information, consult Official Package 
Circular 
Indications: Although the principal indication for oxacillin 
sodium is in the treatment of infections due to penicilli- 
nase-producing staphylococci, it may be used to initia’ 
therapy in such patients in whom a staphylococcal infec 
tion is suspected. (See Important Note below.) 

Bacteriolo tudies to determine the causative or- 
ganisms ai their sensitivity to oxacillin sodium shou 
be performed 
Important Note: When it is judged necessary that treat- 
ment be initiated before definitive culture and sensitivity 
results are known, the choice of oxacillin sodium should 
take into consideration the fact that it has been shown to 
be effective only in the treatmen 
pneumoco Group A beta-hem 
penicillin G- 
staphylococ D later i 
the infection is due to an organism other than a 
G-resistant staphylococcu tive to oxacillin s 
the physician is advised to continue therapy with a d 
other than oxacillin sodium or any other penicillinase- 
resistant semisynthetic penicillin 

Recent studies have reported that the percentage of 
staphylococcal isolates resistant to penicillin G outside 
the hospital is increasing proximating the high per- 
centage of resistant staphylococ nt 
hospital. For this reason, it is re 
penicillinase-resi 
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staphylococcal strains which are resistant tc these 
penicillins 

Methicillin-resistant strains are almost always resistant 
to all other penicillinase-resistant penicillins (cross- 
resistance with cephalosporin derivatives also occurs 
frequently). Resistance to any penicillinase-resistant 
penicillin should be interpreted as evidence of clinical 
resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more 






than one penicillinase-resistant penicillin is tested against 


the same strain of staphylococcus 
Contraindications: A previous hypersensitivity reaction 
to any penicillin is a contraindication 
Warning: Serious and occasionally fatal hypersensitivity 
(anaphylactoid) reactions have been reported in patients 
on penicillin therapy. Although anaphylaxis is more fre- 
quent following parenteral therapy it has occurred in pa- 
tients on oral penicillins. These reactions are more apt to 
occur in individuals with a history of sensitivity to multiple 
allergens 

There have been well documented reports of individu- 
als with a history of penicillin hypersensitivitv reactions 
experienced severe hypersensitivity reactions 
when treated with a cephalosporin. Before therapy with a 
penicillin, careful inquiry should be made concerning 
previous hypersensitivity reactions to penicillins, 
cephalosporins, and other allergens. If an allergic reac- 
tion occurs, the drug should be discontinued and the pa- 
tient treated with the usual agents e.g., pressor amines, 
antihistamines and corticosteroids 
Precautions: Penicillin should be used with caution in 


th histories of significant allergies and/or 
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of bacterial and/or fungal overgrowth 
ong-term therapy. If over- 
growth of resistant organisms occurs, appropriate mea- 
sures should be taken 

As with any potent drug, periodic assessment of organ 
system function, including renal, hepatic, and 
hematopoietic, should be made during long-term 
therapy 

Experience in premature and newborn infants is lim 
ited. Caution should be exercised in administration of the 
drug to such patients and frequent evaluation of organ 
system function is recommend 
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Safety for use in pregnancy has n 
Adverse Reactions: The hype S y reactions re- 
ported are skin rashes, urticaria, serum sickness and 
anaphylactic reactions. Oral lesions such as glossitis and 
stomatitis have been reported. Fever, eosinophilia, oral 
and rectal moniliasis have also been reported. Hemolytic 
anemia, transient neutropenia with evidence of granulo- 
cytopenia or thrombocytopenia, net jathy, and neph- 
rotoxicity (oliguria, albuminuria, hematuria, pyuria, and/or 
cylindruria) are infrequent and us associated with 
high doses of parenteral penicilli 

In some newborns and infants receiving high dos 
oxacillin sodium (150 to 175 mg./Kg ), transient 
hematuria, albuminuria, and azotemia been encoun- 
tered. Although the causal relationship is not entirely 
Clear, infants and newborns treated with high doses of 
the drug should be observed closely for signs of renal 
impairment 

One patient developed granulocytopenia while receiv- 
ing intravenous oxacillin sodium and vé The 
blood count returned to normal after both drugs were 
discontinued. Another patient was reported to have 
leukopenia during intravenous therapy with oxacillin 
sodium. These counts were made while the patient was 
moribund. Thrombophlebitis has occurred in a small per- 
centage of patients after intravenous therapy 
Usual Oral Dosage: Adults: 250 to 500 mg. q.4h. or 
q.6h. Children: 12.5 mg./Kg./q.6h. Administer on empty 
Stomach for maximum absorption 
Usual Parenteral Dosage: Adults 
or q.6h. Children: 12.5 mg./Kg./q.6h 
40 Kg. or more should receive the a 

N.B.: INFECTIONS CAUSED BY 
HEMOLYTIC STREPTOCOCCI SHOL 
FOR AT LEAST 10 DAYS TO HEL 
CURRENCE OF ACUTE RHEUM 
GLOMERULONEPHRITIS 
Supplied: Capsules—250 and 500 mg. in bottles of 48 
and 100. Injectable—250 mg., 500 mg., 1 Gm., 2 Gm 
and 4 Gm. dry filled vials for IM/IV use. For Oral Solution 
—100 ml. bottles, 250 mg./5 ml. when r stituted 

A.H.F.S. Category 8:12.16 


BRISTOL LABORA E 
BRISTOL Division of Brist -Myer 
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WHAT IS 
THE TRUE MEASURE OF 
ANTIBIOTIC EFECT IVENESS 






















IN VITRO 


ACTIVE AGAINST MORE PATHOGENS 








measured by 
agar dilution tests 


Using an agar dilution procedure, a com- 
parison of MIC values with average serum 
levels in humans showed that Amikin 
(amikacin sulfate) inhibited 100% of 345 
Gram-negative clinical isolates (predomi- 
nantly enterobacteriaceae), excluding 
pseudomonas, at concentrations that should 
be readily achievable in serum following 
administration of recommended doses to 
humans;* 93.076 of the strains were sus- 
ceptible to gentamicin. Amikin inhibited 
97.1% of the 104 pseudomonas isolates as 
compared to 80.8% for gentamicin. Of the 
110 Staphylococcus aureus strains, 10076 
were susceptible to Amikin and gentamicin. 


tCaution, in vitro data cannot be directly correlated 
to clinical effectiveness. 









tThe usual single intramuscular Amikin dose in man 
is 7.5 mg/Kg which produces an average serum peak 
of about 20 mcg/ml. Strains considered susceptible 
were those inhibited by Amikin antibiotic concentra- 
tions of 20 mcg/ml or less. In the case of gentamicin, 
the susceptibility cutoff point used was 8 mcg/ml, 
the average peak serum level after a gentamicin 
dose of 2 mg/Kg. 


THAN GENTAMICIN AND TOBRAMYCIN'* 


e. 
determined by 
e * ege 
disc susceptibility method 
A total of 1862 bacterial isolates from 
Amikin clinical studies were tested for sus- 
ceptibility to Amikin (amikacin sulfate), 
gentamicin and tobramycin. Utilizing the 
Kirby-Bauer disc susceptibility method, 
93.8% of the strains were susceptible to 
Amikin, 77.5% to gentamicin and 78.0% 
to tobramycin.§ 
$Because these isolates came from Amikin clinical 
trials, the incidence of gentamicin- and tobramycin- 
resistant organisms is higher than would be 
normally found. Some Amikin investigators had a 
large number of patients with gentamicin-resistant 


infecting organisms, such as Providencia stuartii 
and Serratia marcescens. 


) <4 Amikin 93.8% 
<4@ gentamicin 77.5% 
7] <4 tobramycin 78% 
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AND YOU SHOULD REDUCE THE 
DOSAGE OF NARCOTIC ANALGESICS 


When Injectable Valium is used with a narcotic analgesic 
prior to surgery or during the postoperative period, the 
narcotic dosage can and should be reduced by at least 
one-third and administered in small increments. In some 
cases, the use of a narcotic may be eliminated entirely. 
Injectable Valium should not be 
diluted or mixed with other drugs 
y or fluids. When giving IV., inject 
» Slowly and directly into the vein, 
m. taking at least one minute for each 
A 5mg (1 ml). In pediatric use (chil- 
dren over 30 days), the drug 
should be given even more slowly. 
| Please see summary of product in- 
F formation for full details on use in 
children and infants over 30 days. 


*Injectable 
gs (diazepam) 


| Rapid dE 
_ muscle relaxant and anticonvulsant 
, actioninone effective agent 








i Please see last page of this advertisement for a summary of product information. 


Injectabie 
Valium 


diazepam) 


_ Abroad range of benefits 
in one effective agent 


Can be administered I.M. or LV. 
Rapid onset of action 
Easily titrated I.V. 


Please consult complete product information, a summary of which fol- 
lows: 

Indications: Tension and anxiety states; somatic complaints which are 
concomitants of emotional factors; psychoneurotic states manifested by 
tension, anxiety, apprehension, fatigue, depressive symptoms or agitation; 
symptomatic relief of acute agitation, tremor, impending or acute delirium 
tremens and hallucinosis due to acute alcoho! withdrawal; adjunctively in 
relief of skeletal muscle spasm due to reflex spasm to local pathology; 
spasticity caused by upper motor neuron disorders; athetosis; stiff-man 
syndrome; tetanus; status epilepticus, severe recurrent seizures; adjunc- 
tively in anxiety, tension or acute stress reactions prior to endoscopic: 
surgical procedures; cardioversion 

Contraindications: Hypersensitivity; acute narrow angle glaucoma; 
may be used in patients with open angle glaucoma receiving appropriate 
therapy. 

Warnings: To reduce the possibility of venous thrombosis, phlebitis, 
local irritation, swelling, and, rarely, vascular impairment when used I.V.: in- 
ject slowly, taking at least one minute for each 5 mg (1 ml) given; do not 
use small veins, i.e., dorsum of hand or wrist; use extreme care to avoid 
intra-arterial administration or extravasation. Do not mix or dilute with other 
solutions or drugs, or add to I.V. fluids. 

Administer with extreme care to elderly, very ill, those with limited pul- 
monary reserve because of possibility of apnea and/or cardiac arrest; con- 
comitant use of barbiturates, alcohol or other CNS depressants increases 
depression with increased risk of apnea; have re- 
suscitative facilities available. When used with | E: - 
narcotic analgesic, eliminate or reduce narcotic 
dosage at least Ys, administer in small increments 
Should not be administered to patients in shock, 
coma, acute alcoholic intoxication with depres- 
sion of vital signs. As with most CNS-acting drugs, 
caution against hazardous occupations requiring 
complete menta! alertness (e.g., operating 
machinery, driving) 

Has precipitated tonic status epilepticus in 
patients treated for petit mal status or petit mal 
variant status 

Withdrawal symptoms (similar to those with 
barbiturates, alcohol) have occurred following 
abrupt discontinuance (convulsions, tremor, ab- 
dominal/muscle cramps, vomiting, sweating) 
Keep addiction-prone individuals under careful 
surveillance because of predisposition to 
habituation/'dependence 

Usage in Pregnancy: Use of 

minor tranquilizers during first 

trimester should almost always be 

avoided because of increased risk 

of congenital malformations as 

suggested in several studies. Consider possibility of pregnancy 

when instituting therapy; advise patients to discuss therapy if 
they intend to or do become pregnant. 

Not recommended for OB use 

Efficacy/safety not established in neonates (age 30 days or 
less); prolonged-CNS depression observed. In children, give slowly (up to 
0.25 mg/kg over 3 minutes) to avoid apnea or prolonged somnolence; can 
be repeated after 15 to 30 minutes. If no relief after third administration, 
appropriate adjunctive therapy is recommended 

Precautions: Although promptly controlled, seizures may return; 
readminister if necessary; not recommended for long-term 
maintenance therapy. 
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which may potentiate action of Valium (diazepam), i.e., phenothiazines, 
narcotics, barbiturates, MAO inhibitors, antidepressants. Protective mea- 
sures indicated in highly anxious patients with accompanying depression 
who may have suicidal tendencies. Observe usual precautions in impaired 
hepatic function; avoid accumulation in patients with compromised kidney 
function. Laryngospasm/increased cough reflex are possible during peroral 
endoscopic procedures; use topical anesthetic, have necessary counter- 
measures available. Hypotension or muscular weakness possible, particu- 
larly when used with narcotics, barbiturates or alcohol. Use lower doses (2 
to 5 mg) for elderly/debilitated. 

Adverse Reactions: Drowsiness, fatigue, ataxia, venous thrombosis/ 
phlebitis at injection site, confusion, depression, dysarthria, headache, 
hypoactivity, slurred speech, syncope, tremor, vertigo, constipation, 
nausea, incontinence, changes in libido, urinary retention, bradycardia, 
cardiovascular collapse, hypotension, blurred vision, diplopia, nystagmus, 
urticaria, skin rash, hiccups, changes in salivation, neutropenia, jaundice. 
Paradoxical reactions such as acute hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, insomnia, rage, sleep disturbances, 
stimulation have been reported; should these occur, discontinue drug 
Cough, depressed respiration, dyspnea, hyperventilation, laryngospasm/ 
pain in throat and chest have been reported in peroral endoscopic proce- 
dures. Isolated reports of neutropenia, jaundice; periodic blood counts, 
liver function tests advisable during long-term therapy. Minor EEG 
changes, usually low-voltage fast activity, of no Known significance. 

Dosage: Usual initial dose in older children and adults is 2 to 20 mg 
I.M. or IV., depending on indication and severity. Larger doses may be re- 
quired in some conditions (tetanus). In acute conditions injection may be 
repeated within 1 hour, although interval of 3 to 4 hours is usually satisfac- 
tory. Lower doses (usually 2 to 5 mg) with slow dosage increase for elderly 
or debilitated patients and when sedative drugs are added. (See Warnings 
and Adverse Reactions.) 

For dosages in infants and children see below; have resuscitative 
facilities available 

I.M. use: by deep injection into the muscle. 

IV. use: inject slowly, take at least one minute for each 5 mg (1 ml) 
given. Do not use small veins, i.e., dorsum of hand or wrist. Use extreme 
care to avoid intra-arterial administration or extravasation. Do not mix or 
dilute with other solutions or drugs; do not add to I.V. fluids 

Moderate psychoneurotic reactions, 2 to 5 mg I.M. or I.V. and severe 
psychoneurotic reactions, 5 to 10 mg I.M. or I.V., repeat in 3 to 4 hours if 
necessary; acute alcoholic withdrawal, 10 mg I.M. or I. V. initially, then 5 to 
10 mg in 3 to 4 hours if necessary. Muscle spasm, in adults, 5 to 10 mg 
I.M. or L.V. initially, then 5 to 10 mg in 3 to 4 hours if necessary (tetanus 
may require larger doses); in children, administer I.V. slowly; for tetanus in 
infants over 30 days of age, 1 to 2 mg I.M. or I.V., repeat every 3 to 4 
hours if necessary; in children 5 years or older, 5 to 10 mg repeated every 
3 to 4 hours as needed. Respiratory assistance should be available. 

Status epilepticus, severe recurrent convulsive seizures (I.V. route ore- 
ferred), 5 to 10 mg adult dose administered slowly, repeat at 10- to 15- 
minute intervals up to 30 mg maximum. Repeat in 2 to 4 hours if necessary 
keeping in mind possibility of residual active metabolites. Use caution in 

presence of chronic lung disease or unstable 
cardiovascular status. Infants (over 30 
days) and children (under 5 years), 0.2 to 
0.5 mg slowly every 2 to 5 min., up to 5 
\ mg (I.V. preferred). Children 5 years 
plus, 1 mg every 2 to 5 min., up to 10 mg 
(slow I.V. preferred); repeat in 2 to 4 hours if 
needed. EEG monitoring may be helpful. 
In endoscopic procedures, titrate I. V. dos- 
age to desired sedative response, generally 10 
mg or less but up to 20 mg (if narcotics are omit- 
^ ted) immediately prior to procedure; if I.V. cannot 
be used, 5 to 10 mg I.M. approximately 30 min- 
utes prior to procedure. As preoperative medica- 
tion, 10 mg I.M.; in cardioversion, 5 to 15 mg I.V 
within 5 to 10 minutes prior to procedure. Once 
acute symptomatology has been properly 
controlled with injectable form, patient may be placed 
on oral form if further treatment is required 
Management of Overdosage: Manifestations include 
somnolence, confusion, coma, diminished reflexes 
Monitor respiration, pulse, blood pressure; employ general 
supportive measures, l.V. fluids, adequate airway. Use 
levartereno! or metaraminol for hypotension, caffeine and 
sodium benzoate for CNS-depressive effects. Dialysis is of 
limited value. 

Supplied: Ampuls, 2 ml, boxes of 10; Vials, 10 ml, boxes of 
1; Tel-E-Ject® (disposable syringes), 2 ml, boxes of 10. Each ml 
contains 5 mg diazepam compounded with 40% propylene glycol, 
10% ethyl alcohol, 5% sodium benzoate and benzoic acid as buf- 
fers, and 1.5% benzyl alcohol as preservative 


Roche Laboratories 
Division of Hoffmann-La Roche Inc 
Nutley, New Jersey 07110 








EFFECTIVENESS IN 
TODAY'S HOSPITAL INFECTIONS! 


over 80% cure (465 out of 574) 


. . eo . 

reported in serious infections 

Clinical trials were conducted among patients 
with serious Gram-negative infections. 
Patients ranged from children to elderly patients. 
Many had one or more of a broad variety of 
serious underlying diseases. The infections 
treated were serious Gram-negative infections: 
urinary tract infections, both simple and 
complicated, skin and soft-tissue infections, 
septicemia, peritonitis, intra-abdominal 
abscesses, burns, meningitis, osteomyelitis and 
septic arthritis. Pathogens included common 
and difficult-to-eradicate Gram-negative bac- 
teria, as well as gentamicin-resistant organisms. 


achieves high, prolonged 


serum levels! 





high inhibitory ratio and 
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. . 
wide therapeutic index' 

In 1852 strains of bacterial isolates, 
average MIC values of susceptible pathogens 
were significantly below mean peak 
serum concentrations of 20 mcg/ml usually 
achievable in patients administered 7.5 mg/ 
Kg or 50 mg of Amikin (amikacin sulfate) 
by the intramuscular route. Mean peak serum 
concentrations were 2 to 18 times greater than 
mean MICs for bacteria susceptible to Amikin.' 
tCaution, in vitro data cannot be directly correlated 
to clinical effectiveness. 


LEVELS ABOVE 35 mcg/ml 
MAY LEAD TO INCREASED TOXICITY 


Mean minimum inhibitory concentrations determined by 
agar dilution susceptibility test method in 1852 strains 
of bacterial isolates obtained from Amikin clinical trials. 


Please see last page for brief summary of 
prescribing information. 





WELL-TOLERATED BY THE MAJORI I Y OF PALIENTS' 


As with other aminoglycosides, the most significant adverse 
reactions were ototoxicity and nephrotoxicity, which were reversible 
in some instances. Only 2 per cent of patients with adverse reactions 
had side effects definitely related to Amikin (amikacin sulfate). 
Auditory and renal adverse reactions were most frequent in patients 
with impaired renal function, patients treated for longer periods or 
with higher doses than recommended. Previous or concurrent treat- 
ment with other aminoglycosides or other known nephrotoxic or 
ototoxic drugs enhances the possibility of adverse reactions. 


DOSAGE AND ADMINISTRATION 


I.M. or LV. administration for patients 
with normal renal function 


The usual recommended dose is 15 mg/Kg/day in 2 or 3 equal 
doses administered at equally divided intervals. The total daily dose 
by all routes of administration should not exceed 15 mg/Kg/day 
for the average weight person. For the heavier individual (greater 
than 100 Kg) the total daily dose should not exceed 1.5 Gms per day. 
In the unusual circumstances where treatment beyond 10 days is 
considered, the use of Amikin should be reevaluated and, if 
continued, renal and auditory functions should be monitored daily. 


...in patients with impaired renal function 


Doses may be administered either by administering normal doses 
at prolonged intervals or by administering reduced doses at a fixed 
interval. Renal and auditory function should be monitored daily. 


BRIEF SUMMARY OF 

PRESCRIBING INFORMATION 
AMIKIN™ (amikacin sulfate) 

For complete information, consult Official 
Package Circular. (1) AMIKIN 5/24/76 


Warnings: Patients treated with aminoglycosides 
should be under close clinical observation 
because of the potential ototoxicity and nephro- 
toxicity associated with their use. 

Ototoxicity, both auditory and vestibular, can 
occur in patients treated at higher doses or 
for periods longer than those recommended. The 
risk of amikacin-induced ototoxicity is greater 
in patients with renal damage. High frequency 
deafness usually occurs first and can be 
detected only by audiometric testing. 

The ototoxicity potential of amikacin in infants 
is not known. Until more safety reports become 
available, amikacin should be used in infants 
only in those specific circumstances when 
susceptibility testing indicates that other amino- 
glycosides cannot be used or are otherwise 
contraindicated, and when the infant can be 
observed closely for evidence of toxicity. 

Aminoglycosides are potentially nephrotoxic. 
Renal and eighth-nerve function should be 
closely monitored in patients with known or sus- 
pected renal impairment and. also in those 
whose renal function is initially normal but who 
develop signs of renal dysfunction during 
therapy. Evidence of impairment in renal, ves- 
tibular or auditory function requires discontinua- 
tion of the drug or dosage adjustment. 

Serum concentrations should be monitored 
when feasible, and prolonged concentrations 
above 35 mcg./m!. should be avoided. Urine 
should be examined for increased excretion of 
protein, cells and casts. 

Concurrent and/or sequential use of topically 
or systemically neurotoxic or nephrotoxic anti- 
biotics should be avoided. 

Amikin should not be given concurrently with 
potent diuretics. 

Usage in Pregnancy: Amikin should be used in 
pregnant women only when clearly needed. 










































Indications: Serious infections due to suscepti- 
ble strains of Gram-negative bacteria, including 
pseudomonas sp., E. coli, indole-positive and 
indole-negative proteus sp., providencia sp., 
klebsiella-enterobacter-serratia sp., and 


acinetobacter sp. Culture and sensitivity studies 
should be performed. 

Clinical studies have shown Amikin to be 
effective in bacteremia and septicemia (including 
neonatal sepsis); in serious infections of the 
respiratory tract, bones and joints, central 
nervous system (including meningitis) and skin 
and soft-tissue; intra-abdominal infections (in- 
cluding peritonitis); and in burns and post- 
operative infections (including post-vascular 
surgery). Clinical studies have shown Amikin 
(amikacin sulfate) also to be effective in serious 
complicated and recurrent urinary tract infections 
due to these organisms. Aminoglycosides, includ- 
ing Amikin injectable, are not indicated in 
uncomplicated initial episodes of urinary tract 
infections unless the causative organisms are 
not susceptible to antibiotics having less 
potential toxicity. 

Bacteriologic studies should be performed to 
identify causative organisms and their suscepti- 
bilities to amikacin. Amikin may be considered 
as initial therapy in suspected Gram-negative 
infections and therapy may be instituted before 
obtaining the results of susceptibility testing. 
Clinical trials demonstrated that Amikin was 
effective in infections caused by gentamicin and/ 
or tobramycin resistant strains of Gram-negative 
organisms, particularly Proteus rettgeri, Provi- 
dencia stuartii, Serratia marcescens and 
Pseudomonas aeruginosa. The decision to con- 


results of the susceptibility tests, the severity of 
the infection, the response of the patient and 

the important additional considerations contained 
in the “Warning” box above. 

Amikin has also been shown to be effective 
in staphylococcal infections and may be con- 
sidered as initial therapy under certain conditions 
in the treatment of known or suspected staphylo- 
coccal disease such as, severe infections where 
the causative organism may be either a Gram- 
negative bacterium or a staphylococcus, infec- 
tions due to susceptible strains of staphylococci 
in patients allergic to other antibiotics, and in 
mixed staphylococcal/Gram-negative infections. 

Amikacin may be indicated in the treatment of 
neonatal sepsis when susceptibility testing 
indicates that other aminoglycosides cannot be 
used. In certain severe infections such as 
neonatal sepsis, concomitant therapy with a 
penicillin-type drug may be indicated because of 
the possibility of infections due to Gram-positive 
organisms such as streptococci or pneumococci. 
Contraindications: A history of hypersensitivity 
to amikacin. 

Warnings: See ''Warning'"' box above. 
Precautions: Amikin is potentially nephrotoxic, 
ototoxic and neurotoxic. The concurrent or serial 
use of other ototoxic or nephrotoxic agents 
should be avoided either systemically or topically 
because of the potential for additive effects. 

Such agents include antibacterial drugs such as 
kanamycin, gentamicin, tobramycin, neomycin, 
streptomycin, cephaloridine, paromomycin, 
viomycin, polymyxin B, colistin and vancomycin 
as well as certain diuretic agents such as 
ethacrynic acid or furosemide. 

Adverse Reactions: Ototoxicity-See ''Warning" 
box. 

Nephrotoxicity—Albuminuria, presence of red 
and white cells, casts, azotemia and oliguria 
have been reported. 

Other—Skin rash, drug fever, headache, 
paresthesia, tremor, nausea and vomiting, 
eosinophilia, arthralgia, anemia, hypotension. 
Dosage and Administration: The usual I.M. or 
1.V. dose with normal renal function is 15 mg./ 
Kg./day divided into 2 or 3 equal doses admin- 
istered at equally-divided intervals. For the 
heavier individual (greater than 100 Kg.), the 
total daily dose should not exceed 1.5 Gms. 
per day. 

When amikacin is indicated in newborns (see 
box ''Warning"'), it is recommended that a 
loading dose of 10 mg./Kg. be administered 
initially to be followed with 7.5 mg./Kg. 
every 12 hours. 

The usual duration of treatment is 7 to 10 days. 
The total daily dose by all routes of administra- 
tion should not exceed 15 mg./Kg./day for the 
average-weight person. In the unusual circum- 
stances where treatment beyond 10 days is 
considered, the use of Amikin (amikacin sulfate) 
should be reevaluated and, if continued, renal 
and auditory functions should be monitored daily. 

For patients with impaired renal function, 
whenever possible, serum amikacin concentra- 
tions should be monitored by appropriate assay 
procedures. Doses may be adjusted in patients 
with impaired renal function either by admin- 
istering normal doses at prolonged intervals or 
by administering reduced doses at a fixed 
interval. 

The solution for intravenous use is prepared by 
adding the contents of a 500 mg. vial to 200 ml. 
of sterile diluent such as Normal Saline or 
596 Dextrose in Water or any other compatible 
solution. 

The solution is administered over a 30- to 
60-minute period. 

Supplied: Rubber-capped vials as a ready-to-use 
sterile aqueous solution 100-mg., 500-mg., 
and 1.0-Gm. vials. 


BRISTOL LABORATORIES 


BRISTOL Dosen o New York Taa oan 


1. Data on file, Bristol Laboratories. 





In post-op patients, soft stools can 
help prevent straining, 
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help prevent hard, dry stools— 





( 


dioctyl calcium sulfosuccinate N.F) Available in 240-mg capsules 


the only one-a-day 
sodium-ree stool softener 
Sri LA CORPORATES 


SOMERVILLE. NEW JERSEY 08876 
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CONTROL 





Needle Sutures 


Assured controlled release of needle from suture 
is in your hands with CONTROL RELEASE needle sutures. 
Needle releases from suture with a gentle tug. 


NO SCISSORS NEEDED. 
NO CHANGE FROM EYED NEEDLE TECHNIC. 


Sharp new ribbed Super-Smooth swaged needle eliminates 
the trauma associated with the use of eyed needles. 


Widest variety of needles and suture materials: 
PROLENE* polypropylene suture, 

VICRYL* (polyglactin 910) suture, 

NUROLON* black braided nylon suture, 
PERMA HAND* silk suture, 

ETHICON* surgical cotton, 

ETHIBOND* polyester suture. 


Its not CONTROL RELEASE if its not fom 
ETHICON 
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Lifesaving Partnership. : 
Against Cancer Quackery 



















The anguish associated with cancer is compounded 
by the cancer quack. False hopes—harmful delays— 
devastating expenses—deceptive diagnoses—loss of 
life—these are hazards facing the cancer patient 
desperate enough to seek a cancer quack. 

The problem: how to divert the patient 
from this tragic encounter. 

As medical guide, family counselor, trusted 
friend—you, doctor, play a major role in the 
fight against cancer quackery. 

We are here to serve as your partner. 

Our National Office maintains an up-to-date central 
clearinghouse for materials on unproven methods of 
cancer diagnosis and treatment. This is a unique operation 
and the principal source of such information in the 
country. Its services are widely used. Hundreds of 
inquiries are received and answered from all 
segments of the community, from coast to coast. 

To trigger grass-roots action, we have 
formulated a model State Cancer Remedy 
Act designed to control the promotion and 
sale of unproven methods of cancer 
management. This has helped to inspire 
some 20 states to enact or consider 
legislation against cancer quackery—with 
active support from the medical 
community. Copies of the model act, as 
well as copies of laws in effect, are available 
through our National and Division offices. 

In these actions against cancer quackery, 
as in all our efforts against cancer, ours 
is a lifesaving partnership. 


American Cancer Society : 


ACME UNITED RESPOSABLE’ INSTRUMENTS. 


Priced lowenough to throw away. 
Made well enough to reuse. 


Acme United RESPOSABLE Instruments solve the costly even grip. Scissor blades are sharp enough to cut all types 





oroblem of surgical instrument loss outside of the OR. of suture or trim tissue. Forceps grasp effectively without 
Simple. Practical. And cost effective. They're reusable bowing. All RESPOSABLE Instruments are lightweight and 
nstruments that are priced like disposables. +, easy to grip for dexterous handling. And they're inexpensive 


Made of stainless steel for extra toughness, 
RESPOSABLE Instruments can withstand special concern. 
'epeated processing by high vacuum Acme United RESPOSABLE Instruments. You 


T P enough to throw away when cross-contamination is e 
sterilizers, steam autoclaves or ethylene V e. ,  canuse them. And lose them. Or throw them away 
. Ux 





»xide gas sterilizers. Their non-glare, But you'll always get your money's worth before 
3lectro-polished surface won't discolor or they disappear. 
zorrode. And the simple pivot pin hinges on > j 


RESPOSABLE Instruments are exceptionally : . 
2asy to clean. — do Acme United Corporation 
Most importantly, these instruments are functional as well Medical Products Division 
as inexpensive. The hemostat jaws align properly for a firm, 100 Hicks Street, Bridgeport, Conn. 06609 


Saving money is only one of the advantages. 





In your patients... 
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tobramycin sulfate 
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treating 
peritonitis 


In patients with peritonitis in whom you 
suspect septicemia and the gram-negative 
organism isolated from blood is likely to be 
susceptible to tobramycin in your hospital 
setting...you may start therapy with Nebcin 
before you receive results of susceptibility 
studies? [n this situation, Nebcin may be 
a great help to you and gain valuable time 
for your patient. 

In proper indications and recommended 
dosages, the general effectiveness of Nebcin is 
well-known. Experience its benefits in treating 
your patients who have peritonitis caused 
by susceptible strains of the indicated gram- 

negative organisms. 


N bci 91M. n IN 
*Due to indicated susceptible organisms. e CIN 


*The decision to continue therapy with Nebcin should be tobramycin sulfate 


based on the results of susceptibility studies, the severity for serious gram- negative 
of the infection, and the important additional concepts infections in your hospital 


discussed in the Warnings box on the next page. 
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Please see following page for summary of prescribing information 


Neben | 


tobramycin sulfate . 


Summary of Prescribing Information 





WARNINGS 
Patients treated with Nebcin should be under close clinical observation, 
because tobramycin and other aminoglycoside antibiotics have an inher- 
ent potential for causing ototoxicity and nephrotoxicity. 

Both vestibular and auditory ototoxicity can occur. Eighth- nerve impair- 
ment may develop if patients have preexisting renal damage and if Nebcin 
is administered for longer periods or in higher doses than those 
recommended. 

Tobramycin is potentially nephrotoxic. Renal and eighth-nerve function 
should be closely monitored in patients with known or suspected renal 
impairment and also in those whose renal function is initially normal but 
who develop signs of renal dysfunction during therapy. Such impairment 
may be characterized by cylindruria, oliguria, proteinuria, or evidence of 
nitrogen retention (increasing BUN, NPN, or creatinine). Evidence of 
impairment in renal, vestibular, or auditory function requires discontinua- 
tion of the drug or dosage adjustment. 

Nebcin should be used with caution in premature and neonatal infants 
because of their renal immaturity and the resulting prolongation of serum 
half-life of the drug. 

In the case of overdosage or toxic reactions, peritoneal dialysis or hemo- 
dialysis will help remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible, and 
prolonged concentrations above 12 mcg. /ml. should be avoided. Urine 
should be examined for increased excretion of protein, cells, and casts. 
| Concurrent and sequential use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicin, 
cephaloridine, paromomycin, viomycin, polymyxin B, colistin, and vanco 
mycin, should be avoided. 

Nebcin should not be givenconcurrently with potent diuretics. Some 
diuretics themselves cause ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 

Usage in Pregnancy—Safety of this product for use during pregnancy 
has not been established. 











Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside 
group, is derived from the actinomycete Streptomyces tenebrarius. Nebcin Injec- 
tion is a clear and colorless sterile aqueous solution for parenteral administra- 
tion. Itis stableand requires no refrigeration. 

Indications and Usage: Nebcin is indicated for the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudomonas 
aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole- negative). 
Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter sp., and staphy 
lococci, including Staphylococcus aureus (coagulase-positive and 
coagulase-negative). 

Nebcin is indicated in the treatment of septicemia; central-nervous-system 
infections, including meningitis; neonatal sepsis; serious lower respiratory infec 
tions; gastrointestinal infections, including peritonitis; and serious skin, bone. 
and soft-tissue infections, including burns, caused by the susceptible organisms 
listed above. Clinical studies have shown Nebcin also to be effective in serious 
complicated and recurrent urinary tract infections due to these organisms. 
Aminoglycosides, including Nebcin, are not indicated in uncomplicated initial 
episodes of urinary tract infections unless the causative organisms are not 
susceptible to antibiotics having less potential toxicity. Nebcin may be considered 
in serious staphylococcal infections when penicillin or other potentially less toxic 
drugs are contraindicated and when bacterial susceptibility testing and clinical 
judgment indicate its use. 

Bacterial cultures should be obtained prior to and during treatment to isolate 
and identify etiologic organisms and to test their susceptibility to tobramycin. If 
susceptibility tests show that the causative organisms are resistant to tobramy- 
cin, other appropriate therapy should be instituted. In patients in whom gram- 
negative septicemia, neonatal sepsis, or meningitis is suspected, including those 
in whom concurrent therapy with a penicillin or cephalosporin and an aminogly 
coside may be indicated, treatment with Nebcin may be initiated before the 
results of susceptibility studies are obtained. The decision to continue therapy 
with Nebcin should be based on the results of susceptibility studies, the 
severity of the infection, and the important additional concepts discussed in the 
WARNINGS box above. 

Contraindication: A history of hypersensitivity to tobramycin is a contraindication 
to its use. 

Warnings: See WARNINGS box above. 

Precautions: Specimens should be collected during therapy for examination, as 
recommended in the WARNINGS box. 

Neuromuscular blockade and respiratory paralysis have been reported in cats 
receiving very high doses of tobramycin (40 mg. /Kg.). The possibility that 
prolonged or secondary apnea may occur should be considered if tobramycin is 
administered to anesthetized patients who are also receiving neuromuscular 
blocking agents, such as succinylcholine or tubocurarine 


Cross-allergenicity among aminoglycosides has been demonstrated. 

If overgrowth of nonsusceptible organisms occurs, appropriate therapy should 
be initiated. 

Adverse Reactions: Nephrotoxicity—Renal function changes, as shown by rising 
BUN, NPN, and serum creatinine and by oliguria, cylindruria, and increased 
proteinuria, have been reported, especially in patients with a history of renal 
impairment who are treated for longer periods or with higher doses than those 
recommended. 

Neurotoxicity—Adverse effects on both the vestibular and auditory branches 
of the eighth nerve have been noted, especially in patients receiving high doses or 
prolonged therapy. Symptoms include dizziness, vertigo, tinnitus, roaring in the 
ears, and hearing loss. 

NOTE: The risk of toxic reactions is low in patients with normal renal function 
who do not receive Nebcin in higher doses or for longer periods of time than 
those recommended. 

Other reported adverse reactions possibly related to Nebcin include increased 
serum transaminase (SGOT, SGPT) and increased serum bilirubin; anemia, 
granulocytopenia, and thrombocytopenia; and fever, rash, itching. urticaria, 
nausea, vomiting, headache, and lethargy. 

Suggested Dosage Guides—I.M./I.V.: 

The usual duration of treatment is seven to ten days. 

Usual dosage for adults, children. and older infants (normal renal function) — 

3 mg./Kg. /day administered in three equal doses every eight hours. In life- 

threatening situations, the dosage may be increased up to 5 mg. /Kg./ day 

administered in three or four equal doses. This dosage should be reduced to 

3 mg./Kg./day as soon as Clinically indicated. (Refer to Table 1 for 

dosage schedule.) 

Dosage for neonates up to one week of age (normal renal function)— 

Up to 4 mg. /Kg./ day may be given in two equal doses every twelve hours. 
Dosage guidelines for adult or pediatric patients with reduced renal function— 

After a loading dose of 1 mg. /Kg., subsequent dosage must be adjusted either 

with reduced doses at eight-hour intervals or with normal doses at prolonged 

intervals. To determine the reduced dose at eight-hour intervals, see the conven- 
ient nomogram in the package literature.* Tocalculate normal dosage at 
prolonged intervals (if the creatinine clearance rate is not available and the 
patient's condition is stable), the following formula may be used: 

1 mg./Kg.q.(6 x serumcreatinine) h. 

Neither regimen should be used when dialysis is being performed. 

I.V. Administration— The usual volume of diluent for adults is 50 to 100 ml. For 
children, the volume of diluent should be proportionately less than for adults. 
The diluted solution usually should be infused over a period of twenty to sixty 
minutes. 


*An alternate rough guide for determining reduced dosage at eight hour intervals(for patients 
whose steady-state serum creatinine values are known) is to divide the normally recommended 
dose by the patient's serum creatinine 


Table 1. Dosage Schedule Guide for Adults with Normal Renal Function 
(Dosage at Eight-Hour Intervals) 











Usual Dose for Maximum Dose for Life- 

Serious Infections Threatening Infections 
For Patient (Reduce as soon as possible) 

Weighing 1mg./Kg.q.8h. 1.66 mg./Kg.q.8h. 
Kg. Lb. (Total, 3mg./Kg./day) | (Total, 5 mg./Kg./day) 
mg./dose ml./dose* mg./dose ml./dose* 
| q.8h. q.8h. 

120 264 120 mg. 3 ml 200 mg. 5b. ml. 
T15- -253 115 mg. 2.9 ml. 191 mg. 4.75 ml 
| 110 242 110 mg. 2.75 ml. 183 mg. 45 ml 
105 231 105 mg. 2.6 ml. 175 mg. 4.4 ml 
100 220 100 mg. 2.5 mi. 166 mg. 4.2 ml 
95 209 95 mg. 2.4 ml. 158 mg. 4 mi. 
90 198 90 mg. 2.25 ml. 150 mg. 3.75ml 
85 187 | 85 mg. 2.1 ml 141 mg. 3.5 ml. 
80 176 80 mg. 2 ml 133 mg. 3.3 ml. 
75 165 75 mg. 1.9 ml. 125 mg. 3.1 ml. 
70 154 70 mg. 1.7/5 ml. 116 mg. 2.9 ml. 
65 143 65 mg. 1.6 ml. 108 mg. 2. ml. 
| 60 132 60 mg. 1.5 ml. 100 mg. 2.5 ml. 
55 121 55 mg. 1.4 ml. 91 mg. 2.25ml 
50 110 50 mg. 1.25 ml. 83 mg. 2.1 ml 
45 99 45 mg. 1.1 ml. 75 mg. 1.9 ml 
40 88 Ii 40 mg. 1] ml 66 mg. 1.6 ml 

















* Applicable to all product forms except Nebcin Pediatric. Injection (see How Supplied) 


How Supplied: Ampoules Nebcin® (tobramycin sulfate, Lilly) Injection, 80 mg. 
(equivalent to tobramycin) per 2 ml., 2 ml., rubber. stoppered. 

Ampoules Nebcin, Pediatric, Injection, 20 mg. (equivalent to tobramycin) per 2 
ml., 2 ml., rubber. stoppered. 

Hyporets® (disposable syringes, Lilly) Nebcin Injection, 60 mg. (equivalent to 
tobramycin) per 1.5 ml., 1.5 ml., and 80 mg. (equivalent to tobramycin) per 2 
ml., 2 ml., in packages of 24. 

Each ml. also contains 5 mg. phenol as a preservative, 3.2 mg. sodium bisul- 
fite, 0.1 mg. edetate disodium, and water for injection, q.s. Sulfuric acid and/or 
sodium hydroxide may have been added to adjust the pH. [0304768] 


Lilly 
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Additional information available 
to the profession on request. 


Eli Lilly and Company 
Indianapolis, Indiana 46206 
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“BURROUGHS WELLCOME CO. MAKES - 
. CODEINE COMBINATION PRODUCTS. 


YOU MAKE THE CHOICE. 





EMPIRIN | EMPRACET 
COMPOUND cCODEINE 


€ CODEINE #3 
Each tablet contains: 
+ codeine phosphate, 30 mg (gr 1⁄2), 


(Warning: May be habit-forming); 
Each tablet contains: and acetaminophen 300 mg. 
codeine phosphate, 32 mg (gr 1⁄2), 
(Warning: May be habit-forming); Ill 
aspirin, 227 mg; phenacetin, 162 mg; 
and caffeine, 32 mg. 


Burroughs Wellcome Co. 
Ill Research Triangle Park 


Wellcome | North Carolina 27709 
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TRU-CUT DISPOSABLE 
BIOPSY NEEDLE 


The sharp TRU-CUT Biopsy Needle penetrates to the 
sampling area. Scalpel sharp cutting edges then 
excise a specimen and encase it within the needle for 
withdrawal and examination. 


Unlike other methods that twist and tear 
tissue, TRU-CUT Biopsy Needle surgically cuts the 
specimen in a precise and quick procedure. 


TRU-CUT Biopsy Needles are sterile with 

surgically sharp cutting edges that are used only once. 
Disposability eliminates dangers of cross- 
contamination and the costs of reprocessing a 
reusable unit. 


Available singly or in 
TRAVENOL Biopsy Procedure Trays. 


See directions for use accompanying each product. 


Tissue prolapses into the specimen notch. 


AA ae 


clean specimen. 


MEDICAL PRODUCTS DIVISION 


DEERFIELD ILLINOIS USA 66 )015 
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against topical infections 
of skin, wounds, burns 


BETADINE® Ointment provides 
prompt, prolonged broad-spectrum 
microbicidal activity against organ- 
isms commonly encountered in skin 
and wound infections. It is not greasy 
or sticky, and is virtually nonirritating 
to skin and mucosa. It does not stain 
skin and natural fabrics, does not 
block air, and the site of application 
may be bandaged. 


BETADINE Ointment Packette 14; oz. 
and 4% oz., disposable packettes for de- 
germing small skin areas, as in hyper- 
alimentation, catheter care, umbilical 
area care or circumcision. 


BETADINE Ointment 1 oz. tube, for 
treating common skin infections and to 
help prevent infection in abrasions, 
lacerations and burns. 


BETADINE Ointment 1 Ib. and 5 Ib. jar, for 


ANTISEPTIC 
SECURITY 


anti-infective treatment of the burn wound 


or infected stasis ulcers...for extensive 
skin areas...or for prolonged application. 


Purdue Frederick 


€ COPYRIGHT 1975, THE PURDUE FREDERICK COMPANY 
NORWALK, CONN. 06856 A8085 165375 


BETADINE 


Ointment 


Foremost documented 
broad-spectrum topical 
microbicidal action 
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BROAD-SPECTRUM MICROBICIDAL 
TIME SAVERS 


BETADINE “disposables” 


BETADINE “disposables” provide the broad-spectrum microbicidal action of 
BETADINE Microbicides in convenient disposable units. They are virtually nonirritating 
to skin and mucosa and do not stain skin and natural fabrics. 


Ready-to-use, BETADINE “disposables” save time required to saturate mate- 
rials with antiseptic, or to apply small quantities from large containers. Purdue Frederick 








Microbicidal dressing For degerming cuts, minor For degerming skin and mucosa in urinary 
wounds, lacerations, suture catheterization, cuts, minor wounds and 


7 ^ and injection sites umbilical care rsss 


For Professional and Hospite! Use 
RARE 


Barila 
B Solution 


BETADINE’ j SWAB AID 
Antiseptic 

i GAUZE PAD | Yetcsty nonsuncieq : BETADINE - ANTISEPTIC, GERMICIDAL 

o ————— 5 : à h APPLICATOR TIPS 

© Topical Microbicidal Dressing H SWAB Virtually nonatinging 

MEC : Cras vaneen | i we 


CONTAINS ONE PAD — 
" e CONTAINS 5 SWABSTICKS 


ee 
betonen 
Boer 
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For antisepsis on skin, For preoperative scrubbing For degerming small skin areas, 


mucosa, wounds and burns and general skin and hand as in I.V. therapy, hyperalimen- 
degerming* *' tation and urinary catheterization 


BETADINE 
surgical 
scrub 
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In the rare instance of local irritation or sensitivity, discontinue use by the individual. 


may be implicated 

in a number of clinical situations, 

including... 

Pa septic abortions 

. deep wounds 

e bacteremia 

« metastatic or other abscesses in association 
with thromboembolic phenomena 


Sensitivity testing is always Under normal conditions, bacte- 

recommended prior to instituting roides are benign. But in infectious 

therapy with Chloromycetin situations they can be extremely 

(chloramphenicol). However, in virulent. 

some situations, it may be neces- | Fortunately, most bacteroides 

sary to administer Chloromycetin | infections are susceptible to 

before sensitivity tests have been Chloromycetin (chlorampheni- ; 
completed. col) therapy. Yet, all too often their drugs are ineffe 
SS UTD presence goes undetected. So contraindicated 
Bacteroides are the most prevalent today, many authorities recommend But when bacte 
microbial flora of man. They are early—and vigorous—treatment cated, Chlorom 
anaerobic, aero-intolerant, non- with Chloromycetin when the phenicol) thera 
sporeforming, nonmotile, gram- clinical impression suggests thata conservative cq 
negative bacilli. They most often Bacteroides infection is present. situations, the 
appear in mixed infections, and are Chloromycetin must be used only with Chloromyc 
highly opportunistic. Further, they in those serious infections for See next page f 
are very difficult to culture. which less potentially dangerous information. 





often an indication for 


GHLOROMYGETIN 


(chloramphenicol) Sodium Succinate 





WARNING 
Serious and fatal blood dyscrasias (aplastic 
anemia, hypoplastic anemia, thrombocytopenia, 
and granulocytopenia) are known to occur after 
the administration of chloramphenicol. In addi- 
tion, there have been reports of aplastic anemia 
attributed to chloramphenicol which later termi- 
nated in leukemia. Blood dyscrasias have oc- 
curred after both short-term and prolonged 


therapy with this drug. Chloramphenicol must 
not be used when less potentially dangerous 
agents will be effective, as 


described in the 
Indications section. It must not be used in the 
treatment of trivial infections or where it is not 
indicated, as in colds, influenza, infections of the 
throat; or as a prophylactic agent to prevent 
bacterial infections. 

Precautions: It is essential that adequate blood 
studies be made during treatment with the drug. 
While blood studies may detect early peripheral 
blood changes, such as leukopenia, reticulocyto- 
penia, or granulocytopenia, before they become 
irreversible, such studies cannot be relied on to 
detect bone marrow depression prior to develop- 
ment of aplastic anemia. To facilitate appropriate 
studies and observation during therapy, it is 
desirable that patients be hospitalized. 





IMPORTANT CONSIDERATIONS IN PRESCRIBING IN- 
JECTABLE CHLORAMPHENICOL SODIUM SUCCINATE 


CHLORAMPHENICOL SODIUM SUCCINATE IS IN- 
TENDED FOR INTRAVENOUS USE ONLY. IT HAS 
BEEN DEMONSTRATED TO BE INEFFECTIVE WHEN 
GIVEN INTRAMUSCULARLY. 


1. Chloramphenicol sodium succinate must be hydro- 
lyzed to its microbiologically active form and there is 
a lag in achieving adequate blood levels compared 
with the base given intravenously. 

2. The oral form of chloramphenicol is readily absorbed 
and adequate blood levels are achieved and main- 
tained on the recommended dosage. 

3. Patients started on intravenous chloramphenicol so- 
dium succinate should be changed to the oral form 
as soon as practicable. 

DESCRIPTION 

Chloramphenicol is an antibiotic that is clinically use- 
ful for, and should be reserved for, serious infections 
caused by organisms susceptible to its antimicrobial 
effects when less potentially hazardous therapeutic 
agents are ineffective or contraindicated. Sensitivity 
testing is essential to determine its indicated use, but 
may be performed concurrently with therapy initiated 
on clinical impression that one of the indicated condi- 
tions exists (see Indications section). 

Each gram (10 ml of a 10% solution) of chloram- 
phenicol sodium succinate contains approximately 52 
mg (2.25 mEq) of sodium. 

ACTIONS AND PHARMACOLOGY 

In vitro chloramphenicol exerts mainly a bacteriostatic 
effect on a wide range of gram-negative and gram- 
positive bacteria and is active in vitro against rickett- 
sias, the lymphogranuloma-psittacosis group, and Vibrio 
cholerae. It is particularly active against Sa/monella 
typhi and Hemophilus influenzae. The mode of action 
is through interference or inhibition of protein syn- 
thesis in intact cells and in cell-free systems. 

Chloramphenicol administered orally is absorbed 
rapidly from the intestinal tract. In controlled studies 
in adult volunteers using the recommended dosage of 
50 mg/kg/day, a dosage of 1 g every six hours for eight 
doses was given. Using the microbiological assay 
method, the average peak serum level was 11.2 mcg/ml 
one hour after the first dose. A cumulative effect gave 
a peak rise to 18.4 mcg/ml after the fifth dose of 1 g. 
Mean serum levels ranged from 8 to 14 mcg/ml over the 
48-hour period. Tota! urinary excretion of chloramphen- 
icol in these studies ranged from a low of 68% to a 
high of 99% over a three-day period. From 8% to 12% 
of the antibiotic excreted is in the form of free chlor- 
amphenicol; the remainder consists of microbiolog- 
ically inactive metabolites, principally the conjugate 
with glucuronic acid. Since the glucuronide is excreted 
rapidly, most chloramphenicol detected in the blood is 
in the microbiologically active free form. Despite the 
small proportion of unchanged drug excreted in the 
urine, the concentration of free chloramphenicol is 
relatively high, amounting to several hundred mcg/ml 
in patients receiving divided doses of 50 mg/kg/day. 
Small amounts of active drug are found in bile and 
feces. Chloramphenicol diffuses rapidly, but its distri- 
bution is not uniform. Highest concentrations are found 
in liver and kidney, and lowest concentrations are found 
in brain and cerebrospinal fluid. Chloramphenicol en- 
ters cerebrospinal fluid even in the absence of menin- 
geal inflammation, appearing in concentrations about 
half of those found in the blood. Measurable levels are 
also detected in pleural and in ascitic fluids, saliva, 
milk, and in the aqueous and vitreous humors. Transport 
across the placental barrier occurs with somewhat lower 
concentration in cord blood of newborn infants than 


in maternal blood. 
INDICATIONS 

In accord with the concepts in the Warning Box and 
this Indications section, chloramphenicol must be 
used only in those serious infections for which less 
potentially dangerous drugs are ineffective or con- 
traindicated. However, chloramphenicol may be 
chosen to initiate antibiotic therapy on the clinical 
impression that one of the conditions below is be- 
lieved to be present; in vitro sensitivity tests should 
be performed concurrently so that the drug may be 
discontinued as soon as possible if less potentially 
dangerous agents are indicated by such tests. The 
decision to continue use of chloramphenicol rather 
than another antibiotic when both are suggested by 


fection, susceptibility of the pathogen to the various 
antimicrobial drugs, efficacy of the various drugs in 
the infection, and the important additional concepts 
contained in the Warning Box above. 
1. Acute infections caused by S typhi* 

It is not recommended for the routine treatment of 

the typhoid carrier state. 
2. Serious infections caused by susceptible strains in 

accordance with the concepts expressed above. 

a) Salmonella species 

b) H influenzae, specifically meningeal infections 

c) Rickettsia 

d) Lymphogranuloma-psittacosis aroup 

e) Various gram-negative bacteria causing bacte- 
remia, meningitis, or other serious gram-negative infec- 
tions 

f) Other susceptible organisms which have been 
demonstrated to be resistant to all other appropriate 
antimicrobial agents 
3. Cystic fibrosis regimens 
*In the treatment of typhoid fever, some authorities recommend 
that chloramphenicol be administered at therapeutic levels for 8 


to 10 days after the patient has become afebrile to lessen the pos- 
sibility of relapse. 


CONTRAINDICATIONS 
Chloramphenicol is contraindicated in individuals with 
a history of previous hypersensitivity and/or toxic reac- 
tion to it. /t must not be used in the treatment of trivial 
infections or where it is not indicated, as in colds, in- 
fluenza, infections of the throat; or as a prophylactic 
agent to prevent bacterial infection. 


PRECAUTIONS 

1. Base line blood studies should be followed by peri- 
odic blood studies approximately every two days during 
therapy. The drug should be discontinued upon appear- 
ance of reticulocytopenia, leukopenia, thrombocytope- 
nia, anemia, or any other blood study findings attribut- 
able to chloramphenicol. However, it should be noted 
that such studies do not exclude the possible later 
appearance of the irreversible type of bone marrow 
depression. 

2. Repeated courses of the drug should be avoided 
if at all possible. Treatment should not be continued 
longer than required to produce a cure with little or no 
risk of relapse of the disease. 

3. Concurrent therapy with other drugs that may 
cause bone marrow depression should be avoided. 

4. Excessive blood levels may result from administra- 
tion of the recommended dose to patients with im- 
paired liver or kidney function, including that due to 
immature metabolic processes in the infant. The dosage 
should be adjusted accordingly or, preferably, the blood 
concentration should be determined at appropriate 
intervals. 

5. There are no studies to establish the safety of this 
drug in pregnancy. 

6. Since chloramphenicol readily crosses the pla- 
cental barrier, caution in use of the drug is particularly 
important during pregnancy at term or during labor be- 
cause of potential toxic effects on the fetus (gray syn- 
drome). 

7. Precaution should be used in therapy of premature 
and full-term infants to avoid gray syndrome toxicity. 
(See Adverse Reactions.) Serum drug levels should 
n carefully followed during therapy of the newborn 
infant. 

8. Precaution should be used in therapy during lacta- 
tion because of the possibility of toxic effects on the 
nursing infant. 

9. The use of this antibiotic, as with other antibiotics, 
may result in an overgrowth of nonsusceptible organ- 
isms, including fungi. If infections caused by nonsus- 
ceptible organisms appear during therapy, appropriate 
measures should be taken. 


ADVERSE REACTIONS 
1. Blood Dyscrasias 

The most serious adverse effect of chloramphenicol 
is bone marrow depression. Serious and fatal blood 
dyscrasias (aplastic anemia, hypoplastic anemia, throm- 
bocytopenia, and granulocytopenia) are known to occur 
after the administration of chloramphenicol. An irre- 
versible type of marrow depression leading to aplastic 
anemia with a high rate of mortality is characterized by 
the appearance weeks or months after therapy of bone 
marrow aplasia or hypoplasia. Peripherally, pancyto- 
penia is most often observed, but in a small number of 
cases only one or two of the three major cell types 
(erythrocytes, leukocytes, platelets) may be depressed. 

A reversible type of bone marrow depression, which 
is dose-related, may occur. This type of marrow depres- 
sion is characterized by vacuolization of the erythroid 
cells, reduction of reticulocytes, and leukopenia, and 
responds promptly to the withdrawal of chloramphenicol. 

An exact determination of the risk of serious and 
fatal blood dyscrasias is not possible because of lack 
of accurate information regarding (1) the size of the 
population at risk, (2) the total number of drug-asso- 
ciated dyscrasias, and (3) the total number of nondrug- 
associated dyscrasias. 

In a report to the California State Assembly by the 
California Medical Association and the State Depart- 
ment of Public Health in January 1967, the risk of fatal 
aplastic anemia was estimated at 1:24,200 to 1:40,500 
based on two dosage levels. 

There have been reports of aplastic anemia attri- 
buted to chloramphenicol which later terminated in 
leukemia. 

Paroxysmal nocturnal hemoglobinuria has also been 
reported 
2. Gastrointestinal Reactions 

Nausea, vomiting, glossitis and stomatitis, diarrhea 
and enterocolitis may occur in low incidence. 

3. Neurotoxic Reactions 

Headache, mild depression, mental confusion, and 
delirium have been described in patients receiving 
chloramphenicol. Optic and peripheral neuritis have 
been reported, usually following long-term therapy. If 
this occurs, the drug should be promptly withdrawn. 
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urticaria, and anaphylaxis may occur. Herxheimer reac- 
tions have occurred during therapy for typhoid fever. 
5. “Gray Syndrome" 

Toxic reactions including fatalities have occurred in 
the premature and newborn; the signs and symptoms 
associated with these reactions have been referred to 
as the gray syndrome. One case of gray syndrome 
has been reported in an infant born to a mother having 
received chloramphenicol during labor. One case has 
been reported in a 3-month-old infant. The following 
summarizes the clinical and laboratory studies that 
have been made on these patients: 

a) In most cases, therapy with chloramphenicol had 

been instituted within the first 48 hours of life. 

b) Symptoms first appeared after three to four days 
of continued treatment with high doses of chloram- 
phenicol. 

c) The symptoms appeared in the following order: 
(1) abdominal distension with or without emesis; 
(2) progressive pallid cyanosis; 

(3) vasomotor collapse, frequently accompanied 
by irregular respiration; 

(4) death within a few hours of onset of these 
symptoms. 

d) The progression of symptoms from onset to exitus 
was accelerated with higher dose schedules. 

e) Preliminary blood serum level studies revealed un- 
usually high concentrations of chloramphenicol 
(over 90 mcg/ml after repeated doses). 

f) Termination of therapy upon early evidence of the 
associated symptomatology frequently reversed the 
process with complete recovery. 


ADMINISTRATION 


Chloramphenicol, like other potent drugs, should be 
prescribed at recommended doses known to have thera- 
peutic activity. Administration of 50 mg/kg/day in di- 
vided doses will produce blood levels of the magnitude 
to which the majority of susceptible microorganisms 
will respond. 

As soon as feasible, an oral dosage form of 
chloramphenicol should be substituted for the intra- 
venous form because adequate blood levels are 
achieved with chloramphenicol by mouth. 

The following method of administration is recom- 
mended: 

Intravenously as a 1096 (100 mg/ml) solution to be 
injected over at least a one-minute interval. This is pre- 
pared by the addition of 10 ml of an aqueous diluent 
such as water for injection or 596 dextrose injection. 


Adults DOSAGE 


Adults should receive 50 mg/kg/day in divided doses 
at six-hour intervals. In exceptional cases, patients 
with infections due to moderately resistant organisms 
may require increased dosage up to 100 mg/kg/day to 
achieve blood levels inhibiting the pathogen, but these 
high doses should be decreased as soon as possible. 
Adults with impairment of hepatic or renal function or 
both may have reduced ability to metabolize and ex- 
crete the drug. In instances of impaired metabolic 
processes, dosages should be adjusted accordingly. 
(See discussion under Newborn Infants.) Precise con- 
trol of concentration of the drug in the blood should be 
carefully followed in patients with impaired metabolic 
processes by the available microtechniques (informa- 
tion available on request). 

Children 

Dosage of 50 mg/kg/day divided into four doses at 
six-hour intervals yields blood levels in the range effec- 
tive against most susceptible organisms. Severe infec- 
tions (eg, bacteremia or meningitis), soberly when 
adequate cerebrospinal fluid concentrations are desired, 
may require dosage up to 100 mg/kg/day; however, it is 
recommended that dosage be reduced to 50 mg/kg/day 
as soon as possible. Children with impaired liver or kid- 
ney function may retain excessive amounts of the drug. 


Newborn Infants 
(See section titled Gray Syndrome under Adverse 
Reactions.) 

A total of 25 mg/kg/day in four equal doses at six- 
hour intervals usually produces and maintains concen- 
trations in blood and tissues adequate to control most 
infections for which the drug is indicated. Increased 
dosage in these individuals, demanded by severe infec- 
tions, should be given only to maintain the blood con- 
centration within a therapeutically effective range. After 
the first two weeks of life, full-term infants ordinarily 
may receive up to a total of 50 mg/kg/day equally di- 
vided into four doses at six-hour intervals. These dosage 
recommendations are extremely important because 
blood concentration in all premature infants and full- 
term infants under two weeks of age difters from that 
of other infants. This difference is due to variations in 
the maturity of the metabolic functions of the liver and 
the kidneys. 

When these functions are immature (or seriously im- 
paired in adults), high concentrations of the drug are 
found which tend to increase with succeeding doses. 
Infants and Children with Immature Metabolic Proc- 
esses 

In young infants and other children in whom imma- 
ture metabolic functions are suspected, a dose of 25 
mg/kg/day will usually produce therapeutic concen- 
trations of the drug in the blood. In this group par- 
ticularly, the concentration of the drug in the blood 
should be carefully followed by microtechniques. (In- 
formation available on request.) 


HOW SUPPLIED 
NDC 0071-1089-10 (Steri-Vial& No. 57) 

Chloromycetin (chloramphenicol) Sodium Succinate 
is supplied as a dried powder in Steri-Vials (rubber- 
diaphragm-capped vials). When reconstituted as di- 
rected, each vial contains a sterile solution equiva- 
lent to 100 mg of chloramphenicol per millifiter 
(1 9/10 ml). Available in packages of 10 vials. 
CHLOROMYCETIN, brand of chloramphenicol. Reg 
US Pat Off RJ 
PD-JA-1280-2-P (2-75) 


PARKE, DAVIS & COMPANY, Detroit, Michigan 48232 
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Virtually complete absorption 
in GI disorders 


Less than 100 cm of functioning jejunum is usually all GI patients 
need for virtually total absorption of the complete nutrition 
Vivonex HN provides; because Vivonex HN is formulated with 
free amino acids, simple carbohydrate and low fat, and requires 
virtually no active digestion. Negligible residue keeps the bowel 
essentially at rest. 

Vivonex HN is useful in the nutritional management of pro- 
tein-calorie malnutrition, which occurs frequently in patients with 
ulcerative colitis, acute granulomatous disease of the small or 
large intestine, carcinoma, intestinal atresia in infants, malab- 
sorption syndrome, fistulas, short-gut syndrome, pancreatitis, 
and Crohns disease. 

Moreover, Vivonex HN reduces biliary, pancreatic and 
intestinal secretions. It may be administered orally or via enteral 
catheter. It may also be used to fortify traditional clear liquid 
regimens, as an enteral alternative to parenteral alimentation, 
and as an adjunct to routine parenteral glucose and fluid. 


For the nutritional management of 
uenis malnutrition 


| IN: HIGH 
POWDER 


free amino acid...complete enteral nutrition 
minimal digestion...maximal absorption 


Supplied unflavored in boxes containing ten 80-gram packets. 
Each packet provides 300 kcal. Ten packets provide 3,000 kcal, 
20 gm usable nitrogen (125 gm usable protein), and a full day's 
balanced nutrition. 


Flavor with Vivonex Flavor Packets 

(artificially flavored) Orange, strawberry, grape, beef broth, and 
tomato. A/so available: Vivonex Standard Diet. Supplied unfla- 
vored in boxes containing six 80-gram packets. Each packet pro- 
vides 300 kcal. Six packets provide 1,800 kcal, 5.88 gm usable 
nitrogen (36.75 gm usable protein). 


Please note: Information on Vivonex usage and precautions accompanies the product and 
should be reviewed before use. 


*Randall HT: Enteric Feeding. In Ballinger WF, Collins JA, Drucker WR, et al. (Editors) 
Manual of Surgical Nutrition, Philadelphia, W. B. Saunders Company, 1975, pp. 280-281 


® Originators of chemically defined diets 
EATON LABORATORIES 
division of Morton-Norwich Products, Inc. 


Norwich, New York 13815 
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The longest yar 


Sometimes the last three feet of gut can 
be the hardest to empty. Constipation, 
whether due to inactivity, inadequate 
bulk, or pregnancy, can be relieved by 
Dulcolax. Dependably. And gently 
enough for children*, postoperative 
patients, and those with cardiovascular 
disease. Tablets for overnight evacua- 
tion, or suppositories when fast action 
is desired. 


‘Tablets should not be given to a child too young 


to swallow them whole 


Through-the-lumen view 

of descending colon, by 
noted Swedish photographer, 
Lennart Nilsson. 


Dulcolax’ 


Laxative 
Tablets 5 mg 
Suppositories 10 mg 


(a) Boehringer Ingelheim 


Boehringer Ingelheim Ltd 
Elmsford, New York 10523 
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treating 
peritonitis 


[n patients with peritonitis in whom you 
suspect septicemia and the gram-negative 
organism isolated from blood is likely to be 
susceptible to tobramycin in your hospital 
setting...you may start therapy with Nebcin 
before you receive results of susceptibility 
studies? [n this situation, Nebcin may be 
a great help to you and gain valuable time 
for your patient. 

[n proper indications and recommended 
dosages, the general effectiveness of Nebcin is 
well-known. Experience its benefits in treating 
your patients who have peritonitis caused 
by susceptible strains of the indicated gram- 
negative organisms 


` € LM/IV. 
In 
*Due to indicated susceptible organisms. e C 


* The decision to continue therapy with Nebcin should be tobramycin sulfate 


based on the results of susceptibility studies, the severity for serious gram- negative 
of the infection, and the important additional concepts infections in your hospital 


discussed in the Warnings box on the next page 
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Nebcin’ 


tobramycin sulfate 


Summary of Prescribing Information 





WARNINGS 
Patients treated with Nebcin should be under close clinical observation, 
because tobramycin and other aminoglycoside antibiotics have an inher- 
ent potential for causing ototoxicity and nephrotoxicity 

Both vestibular and auditory ototoxicity can occur. Eighth-nerve impair- 
ment may develop if patients have preexisting renal damage and if Nebcin 
is administered for longer periods or in higher doses than those 
recommended. 

Tobramycin is potentially nephrotoxic. Renal and eighth-nerve function 
should be closely monitored in patients with known or suspected renal 
impairment and also in those whose renal function is initially normal but 
who develop signs of renal dysfunction during therapy. Such impairment 
may be characterized by cylindruria, oliguria, proteinuria, or evidence of 
nitrogen retention (increasing BUN, NPN, or creatinine). Evidence of 
impairment in renal, vestibular, or auditory function requires discontinua- 
tion of the drug or dosage adjustment. 

Nebcin should be used with caution in premature and neonatal infants 
because of their renal immaturity and the resulting prolongation of serum 
half-life of the drug. 

In the case of overdosage or toxic reactions, peritoneal dialysis or hemo- 
dialysis will help remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible, and 
prolonged concentrations above 12 mcg. /ml. should be avoided. Urine 
should be examined for increased excretion of protein, cells, and casts. 

Concurrent and sequential use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicin, 
cephaloridine, paromomycin, viomycin, polymyxin B, colistin, and vanco- 
mycin, should be avoided. 

Nebcin should not be given concurrently with potent diuretics. Some 
diuretics themselves cause ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 

Usage in Pregnancy— Safety of this product for use during pregnancy 
has not been established. 











Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside 
group, is derived from the actinomycete Streptomyces tenebrarius. Nebcin Injec 
tionisa clear and colorless sterile aqueous solution for parenteral administra- 
tion. Itis stable and requires no refrigeration. 

Indications and Usage: Nebcin is indicated for the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudomonas 
aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole-negative), 
Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter sp.. and staphy- 
lococci, including Staphylococcus aureus (coagulase-positive and 

coagulase- negative). 

Nebcin is indicated in the treatment of septicemia; central-nervous-system 
infections, including meningitis; neonatal sepsis; serious lower respiratory infec- 
tions; gastrointestinal infections, including peritonitis; and serious skin, bone, 
and soft-tissue infections, including burns, caused by the susceptible organisms 
listed above. Clinical studies have shown Nebcin also to be effective in serious 
complicated and recurrent urinary tract infections due to these organisms. 
Aminoglycosides, including Nebcin, are not indicated in uncomplicated initial 
episodes of urinary tract infections unless the causative organisms are not 
susceptible to antibiotics having less potential toxicity. Nebcin may be considered 
in serious staphylococcal infections when penicillin or other potentially less toxic 
drugs are contraindicated and when bacterial susceptibility testing and clinical 
judgment indicate its use. 

Bacterial cultures should be obtained prior to and during treatment to isolate 
and identify etiologic organisms and to test their susceptibility to tobramycin. If 
susceptibility tests show that the causative organisms are resistant to tobramy- 
cin, other appropriate therapy should be instituted. In patients in whom gram- 
negative septicemia, neonatal sepsis, or meningitis is suspected, including those 
in whom concurrent therapy with a penicillin or cephalosporin and an aminogly 
coside may be indicated, treatment with Nebcin may be initiated before the 
results of susceptibility studies are obtained. The decision to continue therapy 
with Nebcin should be based on the results of susceptibility studies, the 
severity of the infection, and the important additional concepts discussed in the 
WARNINGS box above. 

Contraindication: A history of hypersensitivity to tobramycin is a contraindication 
to its use. 

Warnings: See WARNINGS box above. 

Precautions: Specimens should be collected during therapy for examination, as 
recommended in the WARNINGS box. 

Neuromuscular blockade and respiratory paralysis have been reported in cats 
receiving very high doses of tobramycin (40 mg./ Kg.). The possibility that 
prolonged or secondary apnea may occur should be considered if tobramycin is 
administered to anesthetized patients who are also receiving neuromuscular 


Cross-allergenicity among aminoglycosides has been demonstrated. 

If overgrowth of nonsusceptible organisms occurs, appropriate therapy should 
be initiated. 

Adverse Reactions: Nephrotoxicity—Renal function changes, as shown by rising 
BUN, NPN, and serum creatinine and by oliguria, cylindruria, and increased 
proteinuria, have been reported, especially in patients with a history of renal 
impairment who are treated for longer periods or with higher doses than those 
recommended. 

Neurotoxicity—Adverse effects on both the vestibular and auditory branches 
of the eighth nerve have been noted, especially in patients receiving high doses or 
prolonged therapy. Symptoms include dizziness, vertigo, tinnitus, roaring in the 
ears, and hearing loss. 

NOTE: The risk of toxic reactions is low in patients with normal renal function 
who do not receive Nebcin in higher doses or for longer periods of time than 
those recommended. 

Other reported adverse reactions possibly related to Nebcin include increased 
serum transaminase (SGOT, SGPT) and increased serum bilirubin; anemia, 
granulocytopenia, and thrombocytopenia; and fever, rash, itching, urticaria, 
nausea, vomiting, headache, and lethargy. 

Suggested Dosage Guides—I.M./I.V.: 

The usual duration of treatment is seven to ten days. 

Usual dosage for adults, children, and older infants (normal renal function)— 

3 mg./ Kg. /day administered in three equal doses every eight hours. In life- 

threatening situations, the dosage may be increased up to 5 mg. /Kg./ day 

administered in three or four equal doses. This dosage should be reduced to 

3 mg./ Kg./day as soon as Clinically indicated. (Refer to Table 1 for 

dosage schedule.) 

Dosage for neonates up to one week of age (normal renal function)— 

Upto 4 mg./Kg./day may be given in two equal doses every twelve hours. 
Dosage guidelines for adult or pediatric patients with reduced renal function— 

After a loading dose of 1 mg./Kg., subsequent dosage must be adjusted either 

with reduced doses at eight-hour intervals or with normal doses at prolonged 

intervals. To determine the reduced dose at eight-hour intervals, see the conven- 
ient nomogram in the package literature.* To calculate normal dosage at 
prolonged intervals (if the creatinine clearance rate is not available and the 
patient's condition is stable), the following formula may be used: 

1 mg./Kg.q.(6 x serum creatinine) h. 

Neither regimen should be used when dialysis is being performed. 

I.V. Administration — The usual volume of diluent for adults is 50 to 100 ml. For 
children, the volume of diluent should be proportionately less than for adults. 
The diluted solution usually should be infused over a period of twenty to sixty 
minutes. 


*An alternate rough guide for determining reduced dosage at eight hour intervals (for patients 
whose steady state serum creatinine values are known) is to divide the normally recommended 
dose by the patient's serum creatinine 


Table 1. Dosage Schedule Guide for Adults with Normal Renal Function 
(Dosage at Eight-Hour Intervals) 











| Usual Dose for Maximum Dose for Life- 
Serious Infections Threatening Infections 
For Patient (Reduce as soon as possible) 
Weighing 1 mg./Kg.q.8h. 1.66 mg. /Kg. q. 8h. 
Kg. Lb. (Total, 3mg./Kg./day) | (Total, 5mg./Kg./day) | 
mg./dose ml./dose* mg./dose ml./dose* 
q.8h. q.8h. 
120 264 120 mg. 3 ml 200 mg. 5 ml 
115 253 115 mg. 2.9 ml. 191 mg. 4.75 ml. 
110 242 110 mg. 2.75 ml. 183 mg. 4.5 ml. 
105 231 105 mg. 2.6 ml. 175 mg. 4.4 ml. 
100 220 100 mg. 2.5 ml. 166 mg. 4.2 ml 
95 209 95 mg. 2.4 ml. 158 mg. 4 mi. 
| 90 198 90 mg. 2.25 ml. 150 mg. 3.75 ml 
| 85 187 85 mg. 2.1 mi. 141 mg. 3.5 ml. 
80 176 80 mg. 2 ml 133 mg. 3.3 ml. 
75 165 75 mg. 1.9 ml. 125 mg. 3.1 ml. 
70 154 70 mg. 1.75 ml. 116 mg. 2.9 ml. 
65 143 65 mg. 1.6 ml. 108 mg. 2.7 ml. 
60 132 60 mg. 1.5 ml. 100 mg. 2.5 ml. 
55 121 55 mg. 1.4 ml. 91 mg. 2.25ml 
50 110 50 mg. 1.25 ml. 83 mg. 2.1 ml 
| 45 99 45 mg. 1.1 ml. 75 mg. 1.9 ml 
40 88 40 mg. 1] ml | 66 mg. 1.6 ml 

















* Applicable to all product forms except Nebcin. Pediatric, Injection (see How Supplied). 


How Supplied: Ampoules Nebcin® (tobramycin sulfate, Lilly) Injection, 80 mg. 
(equivalent to tobramycin) per 2 ml., 2 ml., rubber-stoppered. 

Ampoules Nebcin, Pediatric, Injection, 20 mg. (equivalent to tobramycin) per 2 
ml., 2 ml., rubber-stoppered. 

Hyporets® (disposable syringes, Lilly) Nebcin Injection, 60 mg. (equivalent to 
tobramycin) per 1.5 ml., 1.5 ml., and 80 mg. (equivalent to tobramycin) per 2 
ml., 2 ml., in packages of 24. 

Each ml. also contains 5 mg. phenol as a preservative, 3.2 mg. sodium bisul- 
fite, 0.1 mg. edetate disodium, and water for injection, q.s. Sulfuric acid and /or 
sodium hydroxide may have been added to adjust the pH. [0304768] 


Lilly 


Additional information available 
to the profession on request. 


Eli Lilly and Company 





Edited by HUGH G. BEEBE, M.D.. 
With 18 Contributors. 


Outstanding vascular surgeons from all sec- 
tions of the country have pooled their com- 
posite experience and knowledge for this 
in-depth work. Each has written on a specific 
vascular complication and gives you the bene- 
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Presidential Address: 


Surgical Competence in a Changing World 


T ME FIRST EXPRESS my deep appreciation for the 
honor that you have bestowed on me and for the 
accompanying privilege that allows the President to 
present this brief address. Everyone who has been in 
this position has recognized that formulation of this 
final statement is one of the most difficult tasks of his 
career. This is particularly true today when the profes- 
sion is in turmoil and the public is critical of our 
efforts. Despite the hazy view ahead the speaker 
must attempt to open a vista into an unknown future. 
A simple recapitulation of the exciting events of the 
past year is inadequate, nor in these days of dynamic 
change is it sufficient to merely recall or embellish the 
past. 

Nevertheless every president seeks inspiration from 
his predecessors and usually concludes that every topic 
of interest to surgeons has been analyzed and all 
speeches couched in such telling phrases that they defy 
comparison. But this year a combination of events is 
unique. The tremendous expansion in the number of 
surgeons in this country and the demands by the public, 
the government, by lawyers and by the medical profes- 
sion itself that competence of all physicians be main- 
tained pose problems of enormous magnitude. 

President Creech said in his address in 1967: “An 
era in medicine is drawing to a close, and although it 
has been a golden period, highlighted by monumental 
developments in surgery, it is almost over.’’® Despite 
the fact that critics may define the golden age as any 
time prior to the present, surgeons remain optimists. 
It is a shock therefore for us to recognize that 
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thereisastrong popular movement that tends to negate 
the values of medicine and attacks the efforts of physi- 
cians and surgeons alike. Witness these developments: 

Depletion of funds available for basic research de- 
spite the extraordinary accomplishments in the past 
decade. Credit should be given to the President's 
Biomedical Research Panel on which many members 
of this Association served as consultants.?^ Due to their 
efforts itis possible that this deficit may be ameliorated. 

The enormous increase in malpractice suits, and no 
ready answers to the problem of professional liability. 

A rash of gloom and doom books and articles on the 
purported counterproductivity of medicine and the im- 
plication that improvement in the length and quality of 
human life has been accomplished in spite of medicine 
rather than because of it.? 

An attack on the fundamentals of licensure by advo- 
cates who would abolish all requirements and allow 
equal access to the public by such cults as faith 
healers and naturopaths.* 

Allegations of ‘‘unnecessary surgery” despite lack of 
solid supporting data. 

Among the numerous provisions of Public Law 94— 
484, the imposition by the government of admission 
policies on medical schools. 5 ' 

The medical profession rails at the injustice of these 
complaints. However, the task today is not to 
diagnose or to describe in more detail these cur- 
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rently unhappy aspects of medicine and surgery, but to 
consider therapeutic measures that may be employed to 
restore the medical profession to its proper position. 

Nevertheless it is important to recognize in rebuttal 
that though the present surgical age may not be golden, 
it clearly has substantial merits. Compare the few 
magnificent surgeons trained by Halsted with the great 
numbers of well-qualified individuals available through- 
out the country today. Surgical benefits are more 
easily available to the nation than they were even a 
decade ago. However, this abundance of surgeons and 
facilities has created new problems such as over- 
utilization, but more important, questions of the com- 
petence of the profession have been raised. 

A brief historical note may illustrate the shift of 
emphasis placed upon the competence of a few in- 
dividuals in the past to the large number of surgeons 
who are required to meet the present demands of the 
nation. Every one of you who reads the Transactions 
of this Association from the year of its foundation in 
1880 will recognize men who appeared in the wings 
as candidates for membership, who then were ac- 
knowledged as the elite as they moved across the stage 
of surgery, and finally faded into memory. Some were 
modest, expért practitioners of the art. Others were 
Obstreperous giants whose visions or audacity in- 
fluenced inany lives. Careers of young surgeons, and 
of many in this audience, have been molded by their 
personal examples. Who can forget Bevan who served 
as afearless chairman of the Council on Medical Educa- 
tion of the A.M.A. from 1918 to 1937 and implemented 
the Flexner report? Who can forget Graham, an 
architect of the American Board of Surgery, who per- 
ceived the necessity for the dispersal of excellent 
surgical care throughout the country? Who could forget 
a demonstration of flawless technique by Pemberton as 
he easily performed 19 thyroidectomies in the Mayo 
Clinic in a single morning? Who could forget the 
aphorisms of my chief Arthur Allen whose uncanny 
jüdgment never has been equaled? Who can forget 
Churchill’s piercing questions such as : ‘‘Is a palliative 
operation désigned to palliate the patient or the 
surgeon?" Who could forget Alton Ochsner exuding 
flames in the bullpen in the Charity Hospital? Who can 
forget our honored members Lester Dragstedt, Robert 
Gross, and Owen Wangensteen, the last recipient of 
the A..S. A. Medallion for Scientific Achievement, 
who; by his introduction of Fundamental Forums 
into the program of the American College of Surgeons, 
fostered an innovation of tremendous importance that 
united the young and old and led to a rapid rapproche- 
ment of academe with clinical surgeons? 

The history of surgery could be written as a 
compilation of the contributions of individuals; but 


today very few surgeons have more than momentar 
glimpses of such giants. Precepts disappear. Teachin 
is impersonal. Personalities are replaced by algorithim 
and computers. 

A decade ago it was assumed that the competenc 
of a surgeon was guaranteed by his training; b 
Board certification, and by membership in the Amer: 
can College of Surgeons or an appropriate specialt 
organization. The issue before us today is, simply- 
are these qualifications sufficient? And if they ar 
sufficient, why is the public so ungenerous as to cor 
tinue to produce a rash of malpractice suits? 

We must regain the. confidence of an increasingl 
vocal public that maintains along with many of th 
profession that there must be methods by whic. 
continuing rather than one-time competence may b 
assured. The greater the number of surgeons, th 
greater is thé necessity that self-renewal of the profes 
sion be maintained. 

Continuing competence depends on each individual 
but must be supplemented by the efforts of the profes 
sion, by government regulation, or by a combination c 
the two. To evaluate each individual’s performanc 
the favorite methods that have emerged are the use c 
peer review, of formal examination, or óf évidence c 
continuing medical education. 

Professional efforts to maintain competence includ 
each of these methods. Peer review mechanisms ar 
numerous. They include such diverse features a 
qualifications for membership in specialty societies 
delineation of hospital privileges according to an in 
dividual’ s competence, and audits of performance; i 
many of these activities the Joint Commission o 
Accreditation of Hospitals plays an important role. Ur 
fortunately staffs of many hospitals have not ye 
accepted their responsibilities and must exert fe 
greater efforts than they have in the past. Recertificz 
tion by Boards may include peer evaluation; this j 
planned by the American Board of Surgery. 

Formal examination almost surely will be the metho 
chosen by the Specialty Boards as a basis for re 
certification just as they have been used for certifice 
tion in the past. All 22 Specialty Boards have starte 
to implement either voluntary or mandatory recertif 
cation. 

Evidence of continuing medical education is re 
quired for membership in 16 state medical societies al 
though the procedures are not fully implemented i 
many of them?? (Alabama, Arizona, Californie 
Florida, Kansas, Kentucky, Maine, Massachusett: 
Minnesota, Montana, New Jersey, New York, Nort 
Carolina, Oregon, Pennsylvania and Vermont.) Seve 
specialty organizations now require continuing medic: 
education for membership. 
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The influence of government is exerted by its power 
of licensure. However, impatience of the public and 
the government with the sluggish development of 
changes initiated by the profession is evidenced by 
laws that require reregistration and, as a condition, 
either specify continuing medical education or give 
powers to the state boards of registration to demand 
it if they so desire; such laws had been passed in 15 
states by August 1, 1976. (In Alaska, Arizona, 
California, Colorado, Illinois, Kansas, Michigan, and 
Oregon, the Board of Registration is required by law 
to establish CME as.a requirement for reregistration. 
In Kentucky, Maryland, Minnesota, Nebraska, New 
Mexico and Utah, the Board of Registration is 
authorized but not required by law to require CME 
for reregistration.) The importance of this trend is 
shown by the fact that by February 1977 the number of 
states with such requirements according to Hirsh had 

risen from 15 to 33.? Prospective legislation in the 
Congress also would require specialty recertification as 
well. 

A solution to this problem cannot reside either 
solely with thé profession or with the government. It 
must depend upon the delicate interplay of the govern- 
ment, as an agent of the public, with the profession. 
Professional standards review organizations have been 
established as a cooperative venture, but their effect 
still is not clear. 

Essentially there aré two ways in which the profes- 
sion máy exert influence upon the government. In the 
past, an adversary approach has been by far the more 
popular. An effective equalizer in democracies has 
been for every pressure group to loudly proclaim its 
own needs and desires. Happily, ultimately, a just 
accommodation of views often is obtained. This 
method, popularly ascribed by the public to such 
groups as labor unions, or to ‘‘organized medicine,”’ 
has had the support of the great majority of physicians. 
However, too vigorous efforts can become counter- 
productive, and antagonize the public, which ulti- 
mately will prove to be the arbiter in such disputes. 

The other way is to recognize the needs of the 
public and by constructive influence on governmental 
affairs to mold the desires of the profession with 
the welfare of the community. Ultimately if the pub- 
lic is well informed the needs of the people and 
the goals of the profession should merge. 

What do we as surgeons list as our important ob- 
jectives? First and foremost is to maintain medicine as 
a learned profession in distinction to a trade union. 
This duty requires not only a regular increase in 
knowledge by basic and clinical research, and educa- 
tion of health workers, but also beyond the care of 
individual patients, implies a genuine responsibility to 
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the public. Former Chief Justice Brandeis has stated 
that ‘a profession is an occupation for which the 
necessary preliminary training is intellectual in 
character, involving knowledge, and to some extent, 
learning, as distinguished from mere skill. It is an oc- 
cupation which is pursued largely for others and not 
merely for one’s self. It is an occupation in which the 
amount of financial return is not the accepted measure 
of success.’’? 

Subsidiary objectives of current interest to this As- 
sociatiori include: 1) constant renewal of the members 
of the profession by a continued inflow. of well- 
qualified medical students and by continuing education 
for the profession; 2) the supply of an adequate 
number of well-trained surgeons with proper specialty 
distribution; 3) the performance of surgical procedures 
by well-qualified surgeons; 4) the elimination of in- 
competents and malfeasors; and 5) the resolution of 
professional liability problems. The Association has 
spoken vigorously in support of many of these 
principles in the past few years. The SOSSUS Report 
and the statement on professional liability publishéd in 
December 1976 are outstanding examples." is 

To gain these objectives, however, influence upon 
the government must be exerted at all levels. It is 
recognized that high level commiunication has been and 
will continue to be maintained by the American 
Surgical Association in such ways that have been 
described by our recent Presidents and by the ef- 
forts of our Committees on Governmental Affairs 
and on Issues. It also must be recognized that 
slavish acquiescence with every pronouncement from 
Washington is impossible and undesirable; checks and 
balances and opposing opinions occur at every level, 
and even in the same legislative acts. However, this 
morning I propose to descend to the lower end of 
the scale to a level in which cooperation between the 
state, the law, the judiciary and the medical profes- 
sion must be firmly established and where many nitty 
gritty decisions müst be made. I speak of the 
state boards of registration in medicine, unsung 
workers in the vineyard. 

It must be recognized that state boards of registra- 
tion have in the past been regarded with some 
disdain by the public and by the profession itself. 
However, in many jurisdictions they recently have ac- 
quired new powers that are capable of exerting an 
enormous influence on the public and on the profession. 
This influence is emerging at this moment. Its extent 
can be appraised only in a very tentative fashion, 
though it is apparent that if a federal board should 
be established its influence would be instant and enor- 
mous. It will be the main purpose of this discussion 
to assess the potential of such governmental boards and 
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to decide if they can, by their actions, lead to the same 
objectives as those of the surgical profession. As Chair- 
man of the completely reorganized Board of Registra- 
tion and Discipline in Medicine for the Common- 
wealth of Massachusetts, I wish to bring to you some 
evidence by which you may judge the effects that such 
a Board may produce. 

A critical assessment of the value of Boards of Regis- 
tration will include alist of weaknesses and advantages. 
The defects will be considered first. When reregistra- 
tion became mandatory in several states and a 
generous fee was required, the profession attacked the 
law because it was considered to be a form of unjust 
taxation. Large funds now are paid into many state 
treasuries for licenses and reregistration, and only a 
portion is returned to the Boards for their use to fulfill 
their statutory duties. Furthermore, many physicians 
believe that whenever further statutes or regulations 
are established more chains are forged on the medi- 
cal profession. Boards can be established and originally 
be constituted of able persons who are replaced later 
by political appointees so that the bright promise 
exerted at the outset may be completely lost within the 
course of a few years. Finally, since the boards must 
pursue each serious case with detailed investigations 
and long legal processes, the question may be raised 
as to whether or not boards can function rapidly and 
effectively enough to actually improve the practice of 
medicine. 

‘Despite these objections it has been extremely 
heartening to note the support of the A.M.A. and of 
many state medical and national specialty societies of 
actions designed to strengthen the power of the state 
Boards. The increase in malpractice claims has been a 
strong stimulus to this development, for a few incompe- 
tent physicians can besmirch the entire profession. 
Voluntary societies recognize that the most serious 
action that can be taken against a member is to dis- 
miss him from membership in that organization. Even 
this procedure can lead to expensive legal fees so that 
there is little desire to carry it out with any fre- 
quency. Furthermore, malfeasors often do not belong 
to a state medical society or specialty society. It is 
because of these defects that state medical societies 
and specialty societies must look to stronger bodies to 
investigate and if necessary punish offenders. Govern- 
mental groups such as state Boards of Registration 
are available for this purpose. 

In Massachusetts due to strong pressure not only 
from the public, but from the Massachusetts Medical 
Society, a statute was passed in July 1975 relative to 
medical malpractice. There were five important 
features in this statute as follows: 

A new Board of Registration and Discipline in 
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Medicine was established consisting of five physicians 
and two representatives of the public. They carry out 
reregistration of physicians every two years. The new 
Board was given the usual power to discipline 
those doctors who were guilty of offenses against 
laws of Commonwealth relating to the practice of 
medicine but in addition the duty to identify and 
rectify substandard levels of practice and a broad 
power to ‘‘adopt rules and regulations governing the 
practice of medicine in order to promote the public 
health, welfare and safety.” 

A joint underwriting association was established to 
insure all physicians who could not obtain malpractice 
insurance elsewhere. _ 

Medical tribunals, consisting of a supreme court 
judge, alawyer and a physician were established to hear 
all claims of malpractice. Nuisance suits are dis- 
couraged by the requirement that, if the tribunal has 
decided that the complaint has no merit a $2,000 bond 
must be posted before a case proceeds to trial. The 
bond is forfeited if the plaintiff pursues the claim 
through the usual tort system and loses. 

Changes in the tort law were made involving: 


elimination of ad damnum statements (which specify 


an amount sought by the plaintiff in a suit, always a 
highly inflated figure.) Furthermore, restriction of the 
limits of filing claims to three years from the date of 
occurrence is specified except for children under age 
six, where a claim is allowed until the ninth birth- 
day. 

A special permanent commission:on the study of 
malpractice was formed. 

It will. be noted that many of these changes 
were specified i in the report of malpractice prepared by 
our Committee on Issues. This carefully worded state- 
ment included 1) methods to deal with incompetent or 
negligent physicians, 2) approved screening panels, 3) 
suggested three methods of settlement of meritorious 
claims (by the tort system, by binding arbitration, or 
by settlement from a list of compensable events in the 
absence of negligence), 4) approved a revision of the 
tort system, 5) suggested alternatives in insurance 
writing (including an elective no-fault policy), and 6) 
advocated permanent state commissions on malprac- 
tice. Three features of the Massachusetts statutes will 
be described in detail. 


The Board of Registration and Discipline 


What has been accomplished by our Board? In the 
first place, 1,594 new full licenses to practice medicine 
and surgery were issued in the Commonwealth in 1976. 
Reregistration was necessary for 14,247 M.D.s and 
D.O.s In order to maintain good public relations and to 
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improve the quality of medicine, careful attention must 
be paid to all complaints that are received by the 


Board: there were 253 in the first year. Over half of 


them have been closed and the others are under 
active investigation. These complaints range all the 
way from comparatively trivial matters to very 
serious implications of immoral acts; the majority, 
however, deal with some aspect of medical practice in 
which the patient has been dissatisfied with the 
doctor. In a 12-month period two licenses were revoked 
and two other resignations under pressure have oc- 
curred. Meanwhile, actions against 25 other physicians 
are in progress. 


The Joint Underwriting Association (JUA) 


Eight thousand-eight hundred-sixty-nine physicians 
and surgeons and 115 hospitals with 20,696 beds 
became members of the JUA in the first year. Phy- 
sicians paid $27.8 million in premiums to November 
30, 1976. Rates for general surgeons for $1 million per 
claim and $3 million total were set on a claims 
made policy of $1,359 and an occurrence policy of 
$3,981. If these fees do not cover losses an assess- 
ment on all physicians in the state is authorized. 
Only $135,000 was paid out during this time in claims. 
It is obvious from this figure that the nest egg estab- 
lished in this one year has created far more than 
enough money in interest to pay all the claims that 
have so far been adjudicated. 


Medical Tribunals 


The medical tribunals are composed of a superior 
court judge, a lawyer and a physician and are set up 
to hear every malpractice claim. Judge McLaughlin, 
the former State Supreme Justice, believes that the law 
will stand all constitutional tests, that it is working, 
and that it can be even strengthened further by 
requiring a $5,000 bond rather than a smaller one. 

From January 1 to November 24, 1976, 277 cases 
of medical malpractice were filed with the medical 
tribunals. Twenty-four were dismissed prior to the 
tribunal, 141 are awaiting action, and 112 have been 
heard. In the 112 instances a verdict for the plaintiff 
was returned in 42, so that the cases could proceed 
to trial. A verdict for the defendant was returned in 
63; in these a bond was posted for trial in 15, and 38 
of them were dismissed. Thus in approximately 6096 
of the cases the tribunals decided that there was no 
negligence involved and over a third of the cases that 
have come before them have been dismissed.” 

As one surveys this record it is apparent that some 


- f the objectives of the profession are, in a modest 
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way, being accomplished. However, removal of incom- 
petents or malfeasors is a woefully slow process be- 
cause of the long legal struggles that must occur in 
each case. The Board therefore has established a num- 
ber of rules and regulations and has initiated other 
procedures to inform the public. All meetings of the 
Board are open to anyone who wishes to appear. 
Rules and regulations are established after public hear- 
ings; although none of them yet have been tested in a 
court of law there seems to be little doubt that the’ 
decisions of the Board will be supported. The most 
important rules and regulations now being established 
by the Board provide for 1) the yearly requirement 
that 50 hours of continuing medical education be es- 
tablished as a condition for reregistration, 2) the de- 
velopment of a new type of license that restricts the 
type of practice, and 3) the construction of an accurate 
data base that can serve as a directory for health man- 
power. Improvements in the standards of medical prac- 
tice could be aided by rules and regulations that are 
under consideration, to restrict the practice of acu- 
puncture, by regulations concerning physicians’ as- 
sistants, and by statements concerning the per- 
formance of specialized procedures such as open heart 
surgery. 

It is apparent that these measures could have an im- 
mense influence in raising the standards of the 
practice of medicine. I should like to discuss each of 
them in detail but the time will not permit. 
Therefore I will concentrate on those that I regard of 
the highest priority. They are continuing medical 
education as a condition of reregistration, restriction 
of type of practice, and construction of an accurate 
data base for medical manpower. 


Continuing Medical Education (CME) 


Arguments in favor of CME are the same as for any 
type of education; be it elementary school, high school, 
college, medical school or residency. They include 1) 
education is a life-long process; 2) it is impossible to 
use knowledge that one does not have; 3) even insofar 
as facts are known, there is an important decrease in the 
retention of such facts over a period of years; 4) much 
medical knowledge has been developed since the last 
formal education of a doctor; 5) physicians can choose 
programs that fit their special needs; 6) CME is con- 
trolled by physicians; 7) CME is more palatable to the 
profession than repeated formal examinations; 8) CME 
may be more objective than peer review; and 9) the 
amount of time spent in CME is easy to document 
(though admittedly, documentation of its value is dif- 
ficult except where a specific course is directed toward 
the acquisition of a new skill or technique or a new 
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piece of information is imparted that may be immedi- 
ately useful). 

The arguments against continuing medical education 
‘are more numerous but in general are concerned with 
methodology. They may be listed as follows. 1) CME 
in many instances has deteriorated into bonanzas for 
travel agents. The motive of education must be 
rescued. 2) Despite a plethora of courses no one of 
them may be tailored to the individual doctor’s needs. 
3) Education preferably should be given on the spot of 
action so that the lessons will not be lost. 4) Time for 
CME cannot be expended by the busy community 
doctor except to the detriment of his patients. 5) 
Manual skills of surgeons cannot be corrected by black- 
board courses. 6) Estimates of the education acquired 
by tests that are given to see if practice patterns have 
been improved by such courses essentially all show 
very little change with reversal back to former habits 
within a few months. 7) Courses vary greatly in their 
content and value. Good teachers are rare though 
speakers are innumerable. 8) Surgeons learn in dif- 
ferent ways. Courses, audiovisual aids, voluntary ex- 
aminations, staff conferences and individual study all 
are valuable. How can they be combined in a tidy 
package to fit all takers? 9) CME may even be 
dangerous for some surgeons, for it will lead them to 
believe that they can carry out procedures they see 
illustrated at medical meetings but cannot be con- 
sidered to be safe or indicated in their own locations. 
10) CME is extremely expensive. Thus Miller has esti- 
mated that the cost to the medical profession now is 
approximately $2 billion yearly." It also is certain that 
the whole field of continuing medical education cur- 
rently is in disarray; hopefully order will be established 
by the Liaison Committee on Continuing Medical Edu- 
cation in the near future. 

It thus is clear that absolute proof of the value of 
CME is hard to substantiate. Yet, after an annual 
meeting of the American College of Surgeons what 
person can escape without some visual memory of the 
method by which a difficult technical problem may be 
handled or can fail to remember some statements 
from the platform that change his concepts of proper 
care? 

Despite these negative comments and lack of ab- 
solute proof there is a deeply instilled belief among 
educators that CME confers great benefits. The Ameri- 
can College of Surgeons has developed the greatest 
postgraduate programs in the world and has expended 
hundreds of thousands of dollars for voluntary self- 
assessment examinations. The A.M.A. has invested 
heavily in the accreditation of postgraduate courses and 
in the development of the Physicians Recognition 
Award, that has been accepted by all states who 
.have a compulsory requirement of CME. 
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A recent conference organized by Egdahl and sup- 
ported by the Johnson Foundation brought all of these 
arguments into focus and ended with the comment by 
the chairman and although the value of CME remains 
somewhat equivocal in the minds of many observers, 
the great majority accept it on faith.” On the other 
hand, evidence of CME represents the blandest and 
most modest attempt by which continuing competence 
can be judged. In other words, it is obviously not a 
process that is certain to reinvigorate the knowledge 
of the profession, nor is there any proof that the pos- 
session of the facts will lead to wisdom, to manual 
Skills, to a blameless life, .or in short to a superb, 
morally unimpeachable profession. If the standards of 
the profession are to be maintained, added methods 
are necessary. 


Restrictions of Type of Practice 


Every person who obtains a full license to practice 
in this country is empowered to act as ‘‘physician and 
surgeon." Further restrictions of licenses have raised 
many thorny problems in the past and in general never 
have been faced squarely by the medical profession. 
For example, it is accepted as a truism that a good 
surgeon must first be a good physician; on the other 
hand, it has never been proposed that a good physician 
must first be a good surgeon. While it is not difficult 
in individual instances by processes of peer review, 
especially in hospital environments, to determine the 
type of practice that a doctor is able to conduct, it is 
an almost impossible task to establish legal definitions 
that may be placed in statutes. For example, how 
does one accurately define the practice of medicine, 
the practice of surgery, or the practice of any of the 
surgical specialties? This is a quagmire and it is im- 
possible to handle by definition. 

The only logical way in which it can be done is by 
peer review of individuals at the local level. Essentially 
this means that if the privileges of a person are 
limited in any one hospital because of lack of training 
or ability, such restrictions should be applicable to all 
the hospitals in which he practices. Mandatory report- 
ing of such restrictions to the Board of Registration will 
indicate the magnitude of this problem; at the present 
time it is completely unestimated and may vary from 
trivial to major importance. There have been instances, 
however, in which a surgeon deprived of privileges in 
one hospital merely has moved to a neighboring town 
to carry out the same procedures under less stringent 
supervision. Such deliquencies could be detected by 
PSROs but their mechanisms are not yet established 
and they would have no legal right to control the 
activities of such surgeons under any circumstances. 

Another type of restriction of license concerns dip- 
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lomates of certain specialty boards. For example, in 
Massachusetts any person who passes the FLEX ex- 
amination with the appropriate grade is given a 
license to practice medicine and surgery. Such designa- 
tion in the minds of many in this audience amounts to 
a sort of a hunting license that is restrained mainly by 
the fears of high malpractice premiums. Furthermore a 
full license may be obtained by anyone who is a diplo- 
mate of a specialty board recognized by the A.M.A. 
even though he has not passed the FLEX examina- 
tion. Therefore, for example, someone trained in such 
a specialty as pathology or anesthesiology would be 
empowered to practice medicine and surgery in any 
way that he deems fit. It would seem appropriate that 
individuals who have been certified by the specialty 
boards but have not passed FLEX examinations should 
be allowed to practice only in their specialty.- 

The concept of restriction of license is one that to 
my knowledge has not been employed by any of the 
state boards and is one that clearly could be contested 
on legal grounds. However, it is suggested in PL 94- 
484, and if such specifications are established for the 
benefit of the public, it is unlikely that any appeal on 
the basis of constitutionality would be effective. 

These methods are of great importance to surgeons 
who practice in hospitals approved by the JCAH. There 
are many other loopholes, however. For example, in a 
small hospital that has only one or two persons in each 
department, peer review is very difficult to carry out. 
Although nearly all hospitals with over 100 beds are 
inspected by the JCAH, many small hospitals are not 
accredited. Peer review in these areas may be ex- 
tremely poor (Schlicke reported in 1973, that of 7,123 
hospitals in the United States only 5,075 (7196) were 
currently accredited). Finally, the physician who 
maintains only an office practice will be difficult to 
observe or to evaluate. 


Construction of an Accurate Data Base for Medical 
Manpower 


The extreme difficulties that attend an estimation of 
medical manpower are obvious to everyone in this 
audience. At the present time the best available data 
are furnished by the A.M.A. Interestingly enough the 
A.M.A. publishes two data sets, one in the ‘‘Directory 
of Approved Residencies,’’and the other in ‘‘Distribu- 
tion of Physicians in the U.S.” Both of them suffer 
from the fact that the material is acquired by voluntary 
submission, the first chiefly from the directors of surgi- 
cal services and the other from questionnaires returned 
by individuals. It is very important to note that the 
figures in these two publications are not compatible. 
Such differences have served to accentuate the un- 
fortunate differences of opinion that have taken place in 
the past year over the SOSSUS data. 
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It is certain that if application for licensure and 
requirements for reregistration must include data speci- 
fied by state licensing boards, such figures will be 
highly reliable: Since reregistration is required every 
two years a reasonable estimate of current manpower 
always should be available. By including such ques- 
tions in the data sets such as designation as an 
intern or resident, the year of graduation, name of medi- 
cal school, details of practice (location, type, etc.) ac- 
curate figures can be obtained. Furthermore, by requir- 
ing statements concerning specialty board certification, 
it is possible to separate the truly qualified specialists 
from the self-designated specialists. Heretofore in all 
collected data ‘‘specialists’’ have included both self- 
designated and Specialty Board certified individuals; 
such a method tends to muddy a distinction that is very 
important for the public welfare. These data, made 
available to the public, should promote the selection of 
well qualified physicians by patients. 

But even here, collection of such data and their sub- 
mission to the public will be influenced by the Privacy 
Act of 1974 which requires acquiescence of each indivi- 
dual if any ‘‘personal’’ information is released. Either 
voluntary submission of data must be secured, or the 
definition of the term ‘‘personal’’ in rules and regula- 
tions will be critical. 

Finally, let us turn to a few major trends in the prac- 
tice of medicine and surgery in order to assess the 
relationship of licensing boards. The recent report of 
the Carnegie Council on Policy Studies in Higher Edu- 
cation indicates that there will be an oversupply of 
doctors in the U.S.A. by 1980.45 Primary care physi- 
cians will become much more numerous in the near 
future. Our Study on Surgical Services for the United 
States (SOSSUS) has suggested that too many persons 
are performing surgical procedures and that surgical 
residencies must be reduced in number. These forces 
combined with high rates of malpractice insurance will 
diminish the number of individuals performing surgery 
in this country. The far-reaching effects of PL94-484, 
which states flatly that there is today an adequate sup- 
ply of physicians in this country, should reduce the 
number of foreign-born surgeons admitted to training 
programs. 

However, there are opposing forces. Many residency 
slots formerly filled by foreign medical graduates 
potentially could be filled by U.S. citizens who had 
been refused admission to medical schools in this 
country but had entered schools abroad. Furthermore, 
unless our laws are changed there will be continual 
movement back into any surgical vacuum which is 
created so that there will be a never-ending fringe of in- 
dividuals who are relatively incompetent. This number 
conceivably may be increased by surgeons who 
originally are certified by specialty boards but refuse to 
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accept recertification, by general practitioners at- 
tracted into the domain of surgery by a resurrected 
rotating internship, or even by such nebulous entities 
as ‘‘physicians extenders” which. now are appearing on 
the political horizon. Clearly, if surgical procedures are 
to be performed by qualified surgeons, Boards of 
Registration ultimately can play a critical role. 

In summary, the surgical profession for an indefinite 
time must be shored up from within and without. 
Competent practitioners of surgery must be provided. 
In this paper it is emphasized that the greatest impetus 
must come from the profession itself but that ad- 
ditional momentum can be achieved by cooperation 
with other agencies and professions. State Boards of 
Registration serve as prime examples. 

And if Boards of Registration are in this way sym- 
bols of a cooperative future, what is the portent? 
If they are successful in their duties the possibility of 
a federal bureau of registration is enhanced. Alterna- 
tively, if they fail, calls for federal registration will 
become even louder than they are today. Such pros- 
pects conjure pictures of stricter control of the entire 
medical profession and are frightening to the A.M.A., 
to most specialty societies and the Federation of 
State Boards. Yet this prospect must be faced in the 
very near future and as it develops, as it surely will, 
it must receive careful attention from this Association. 

To achieve our ends we must maintain vigilance at 
all levels of government. For even a profession that is 
superbly competent can be eroded by rules and regula- 
tions. President Muller stressed the need for the Ameri- 
can Surgical Association to assume leadership so that 
all of the profession can speak with a unified voice.'? 
President Hardy cannily observed that the American 
College of Surgeons has both talent and muscle, but 
that the A.M.A. has access to the votes.? Collabora- 
tion by the American Surgical Association at these 
upper levels is essential. However, in addition it is 
necessary to emphasize the other end of the scale and 
the overwhelming importance of the support of an in- 
formed public if we are to attain our ends. It was a 
combination of professional and public effort that led to 
statutory changes in Massachusetts just as it has been 
in many other jurisdictions. 

As conflicts continue in Washington, if we demon- 
strate public accountability, and if we convince our 
citizens that we are concerned with the interests of 
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the public, we acquire a weapon of enormous power 
that will serve us well in the maintenance of a compe- 
tent profession of surgeons. 

President Scott has urged this Association to become 
an organization of political activists.!? Perhaps this re- 
port will serve as a personal testament, proving that 
each one of us has an individual as well as a 
collective responsibility. Let us all keep our fingers in 
the dike. 
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Delayed Hypersensitivity: 


Indicator of Acquired Failure of Host Defenses in Sepsis and Trauma 


JONATHAN L. MEAKINS, M.D., D.Sc., FRCS(C), JOHN B. PIETSCH, M.D., OLDRICH BUBENICK, M.D., 
RALPH KELLY, B.A., HAROLD RODE, PH.D., JULIUS GORDON, PH.D., LLOYD D. MACLEAN, M.D., FRCS(C) 


Primary failure of host defense mechanisms has been asso- 
ciated with increased infection and mortality. Anergy, the 
failure of delayed hypersensitivity response, has been shown 
to identify surgical patients at increased risk for sepsis and 
related mortality. The anergic and relatively anergic patients 
whose skin tests failed to improve had a mortality rate of 
74.4%, whereas those who improved their responses had a 
mortality rate of 5.1% (P < 0.001). This study documents 
abnormalities of neutrophil chemotaxis, T-lymphocyte rosett- 
ing in anergic patients and the effect of autologous serum. 
These abnormalities may account for the increased infection 
and mortality rates in anergic patients. Skin testing with 
five standard antigens has identified 110 anergic (A) or rela- 
tively anergic (RA) patients in whom neutrophil chemotaxis 
(CTX) and bactericidal function (NBF), T-lymphocyte rosettes, 
mixed lymphocyte culture (MLC), cell-mediated lympholysis 
(CML), and blastogenic factor (BF) were studied. The MLC, 
CML and BF were normal in the patients studied, and were 
not clinically helpful. Neutrophil CTX in 19 controls was 
117.5 + 1.6 u whereas in 40 A patients, neutrophils migrated 
81.7 + 2.3 u and in 15 RA patients 97.2 + 3.8 u (P< 0.01). 
In 14 patients whose skin tests converted to normal, neutrophil 
migration improved from 78.2+5.4u to 107.2 + 4.0 u 
(P < 0.01) Incubation of A or control neutrophils in A 
serum reduced migration in A patients from 93 + 3.7 u to 
86.2 + 3.5 u (P < 0.01) and in normals from 121.2 + 1.6 u to 
103.6 + 2.6 u (P<0.001). The per cent rosette forming 
cells in 66 A patients was 42.5 + 3.1 compared to 53.6 + 2.8 
in normal responders (P < 0.02). Incubation of normal 
lymphocytes in anergic serum further reduced rosetting by 
30%. Restoration of delayed hypersensitivity responses and 
concurrent improvement in cellular and serum components of 
host defense were correlated with maintenance of adequate 
nutrition and aggressive surgical drainage. 


S EPSIS continues to be a major source of morbidity 
and mortality in surgical patients. In the burn 
injury, the development of acquired defects of host 
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defense, particularly neutrophil function, and its rela- 
tionship to sepsis is well documented.*7?* However, 
these same defects have not been clearly demon- 
strated in other forms of trauma or in surgical patients 
in general. The difficulty has been to identify spe- 
cifically the patient at increased risk for sepsis. The 
anergic state, the failure of delayed hypersensitivity 
responses to a standard battery of five recall antigens, 
has been shown recently to identify preoperative, 
postoperative and post-trauma patients at increased 
risk for sepsis and mortality.'^!5 Therefore, the 
anergic group of patients would appear likely to 
have altered host defense mechanisms. This study 
evaluates several cellular and serum factors in anergic 
patients tested throughout their course in hospital to 
identify possible causes for the increased sepsis rate 
encountered in this population. 


Materials and Methods 
Patient Population 


Delayed hypersensitivity skin tests were performed 
on 354 patients from the surgical wards and the sur- 
gical intensive care unit of the Royal Victoria Hospital 
from July 1975 to June 30, 1976. All surgical patients 
were tested with the exception of those who were ad- 
mitted for clean procedures or those at low risk for 
infection (e.g. hernia repair, thyroidectomy, hemor- 
rhoidectomy). The patient population was admitted 
for the surgical problems summarized in Table 1. The 
majority (80.8%) of these patients underwent a major 
surgical procedure. The balance had either inoperable 
cancer or resolution of their acute illness with non- 
operative management. The ages ranged from 18 to 92 
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TABLE 1. Diagnosis 





No. of 
Diagnosis Patients % 

Neoplastic disease 103 29.1 

Colon 44 12.4 

Metastatic 33 9.3 

Other. 26 7.4 
Biliary tract disease 76 21.5 
Acid-peptic ulcer 37 10.5 
Sepsis 18 5.1 
Gastrointestinal bleeding 18 5.1 
Trauma - 16 4.5 
Obesity (for bypass) ii 3.1 
Small-bowel obstruction 10 2.8 
Pancreatitis 9 2.5 
Inflammatory bowel disease 6 1.7 
Other 50 14.1 

Total 354 100.0 








with a mean of 56 years. The majority (70.6%) of the 
patients were aged 50 or older. 


Skin Testing 


Skin testing was performed using an intradermal 
injection of each of five recall antigens: PPD (5 T.U /0.1 
cc, Connaught Laboratories, Willowdale, Ontario); 
mumps skin test antigen (undiluted, Eli Lilly Company, 
Indianapolis, Indiana); candidin (1:100, Hollister-Stier 
Laboratories, Mississauga, Ontario); trichophytin and 
streptokinase-streptodornase (Varidase, 1000 u/cc, 
Hollister-Stier Laboratories, Mississauga, Ontario). 
In addition, a control solution of buffered diluent 
(undiluted, Hollister-Stier Laboratories) was used. 
Syringes were prepared with 0.1 cc of each solution 
immediately prior to injection. All tests were ad- 
ministered by one person. The diameter of induration 
in millimeters at 24 and 48 hours following injection 
was measured and recorded by the same observer. 
A skin test was considered positive if the indura- 
tion at either reading was five millimeters or greater. 
The patients were classified according to their response 
to the five recall antigens as normal (two or more 
positive), relatively anergic (one positive) or anergic 
(no positive responses). 


Neutrophil Function Studies. 


Chemotaxis. Neutrophil chemotaxis was studied in 
40 anergic and 15 relatively anergic patients using a 
modified Boyden technique? and read using the lead- 
ing-front method of Zigmond and Hirsch.?! Nineteen 
laboratory and hospital personnel served as controls. 
Briefly, 10 ml of peripheral venous or arterial 
blood was mixed with heparin, 10 units/ml and added 
to 2.0 ml Dextran 70 (Macrodex 6% in normal saline, 
Pharmacia AB, Uppsala, Sweden) in 15 ml siliconized 
plastic tubes. Red blood cells settled in 45 minutes 
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at room temperature, and the leukocyte-rich super- 
natant was washed twice and resuspended to a con- 
centration of 5.0 x 109 neutrophils per ml in Gey's 
solution of pH 7.2 to 7.4. The viability of neutro- 
phils was assessed by trypan blue exclusion. Sykes- 
Moore tissue chambers were modified with rubber 
gaskets and separated into upper and lower compari- 
ments of 0.5 ml capacity separated by a three microns 
(u) Millipore filter, 150 u thick. 

The compartments were fillled through separate 
ports using 25 gauge needles. The lower compartment 
was filled with a chemotactic attractant, casein 8 mgm/ 
ml (Merck AG, Darmstadt, Germany), and the upper 
compartment with 0.5 ml. of leukocyte suspension. 
The chambers were incubated at 37? for 120 minutes 
in air. The filters were removed, fixed in alcohol and 
stained with Harris haematoxylin. Using high power 
and a micrometer rack, five random fields were ex- 
amined on each filter and the distance travelled by 
leading-front of neutrophils measured in microns. 
Three chambers were examined for each patient, the 
distance was the mean of these values. Random 
migration was evaluated in an identical fashion, how- 
ever, no casein was present in the lower chamber. 

To study the influence of serum, ten per cent anergic 
or normal serum was added to the resuspending 
Gey's solution. Anergic and normal cells were incu- 
bated in both anergic and normal serum. 

Neutrophil bactericidal function. The neutrophil 


~ bactericidal function was assessed as described by 


Alexander et al.? It is herein outlined briefly. Fifteen 
milliliters of venous blood was mixed with three 
milliliters of dextran 70 in saline and 500 units of heparin 
in a siliconized tube, and the red cells were allowed 
to settle. The leukocyte-rich plasma was then removed 
and centrifuged, and the cells washed on Hank's Gel, 
counted, washed again and resuspended to a concen- 
tration of i x 107 neutrophils per milliliter. An 18-hour 
culture of the test organism Staphylococcus aureus 
502A, was washed twice with normal saline and resus- 
pended to a concentration of approximately 2 x 107 
organisms per milliliter. The stock culture medium in 
which the neutrophil function test was performed was 
composed of ten milliliters Hank's Gel, 10 ml of fetal 
calf serum and 0.1 ml chicken embryo extract, and 
stored at 170°. Immediately prior to each experiment, 
one milliliter of freshly thawed pooled normal human 
serum, as a source of opsonins, was added to three 
milliliters of the stock culture medium. The pooled 
normal human serum was prepared from 6 normal 
adults and stored at —70? until needed. 

The test required 5 x 10° neutrophils in 0.5 ml 
Hank's approximately 2 x 108 bacteria in 0.1 ml and 
0.4 ml of the stock culture medium admixed to a total 
of 1.0 ml in sterile disposable 75 x 12 mm plastic 
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tubes. The mixture was incubated on a tilting table 
aliquot mixer for four hours at 37°. Quantitation of 
remaining viable bacteria using appropriate dilutions 
was done with a standard pour plate technique. The 
plates were incubated at 37? for 48 hours and the 
colonies counted. 

Neutrophil Phagocytosis. Neutrophil phagocytic 
capacity was entirely similar to NBF except that at 
time of sampling, Lysostaphin, a staphylocidal enzyme 
was added for 20 minutes to kill all extracellular bac- 
teria. The colonies counted represent only intra- 
cellular bacteria and permits separation of phagocytic 
and bactericidal functions.” 


Lymphocyte Function Studies 


E-rosette assay. Lymphocytes of 66 patients, 29 
normals, 23 anergic and 14 relatively anergic, were 
assayed for the number of T-lymphocytes and effect 

. of anergic serum upon normal rosetting. The total 


lymphocyte count for each patient was determined by | 


multiplying the per cent of lymphocytes in the differ- 
ential count by the total while blood cell number. 
Lymphocytes were prepared from heparinized periph- 
eral blood using a Ficoll Hypaque gradient. The 
lymphocytes were washed three times in medium 
199 and resuspended at a concentration of 109 cells 
per milliliter in medium 199 plus 25% fetal calf serum. 
The fetal calf serum was prepared by heating to 56? 
for 30 minutes and then incubated with one quarter 
volume of packed washed sheep red blood cells 
(SRBC) for 30 minutes at 37°. 

A modification of the technique of Jondal, Holm 
and Wigzell’* was employed. The SRBC were stored 
in Alsever’s solution at 4° and prepared by wash- 
ing three times in normal saline and resuspended in 
medium 199 plus fetal calf serum at a SRBC concen- 
tration of 10° per ml. Equal volumes of lymphocytes 
and SRBC suspension were added. The mixture was 
incubated at 37° for 15 minutes, then centrifuged at 
200 G for five minutes. The supernatant was removed 
and the pellet gently resuspended by shaking. One 
drop of the suspension was then mounted on a glass 
slide and 200 lymphocytes were counted and all 
lymphocytes binding three or more SRBC were con- 
sidered positive. The ratio of positive to negative 
lymphocytes was expressed as the per cent E-rosettes. 
The product of the total lymphocyte count and the 
% E-rosettes defined the total T-cells per patient. 

The effect of anergic serum was assessed in lympho- 
cytes of normal patients. Lymphocytes were initially 
washed as above and were resuspended in medium 
199 with either normal or anergic serum. 

Mixed leukocyte culture. The mixed leukocyte cul- 
ture (MLC) reaction was performed using the micro- 
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technique of Hartzmann et al., and modified accord- 
ing to Osoba and Falk." One hundred thousand 
(1 x 10°) responding buffy coat lymphocytes were 
cultured with 2.0 or 4.0 x 10° mitomycin treated 
buffy coat lymphocytes as stimulating cells. The 
latter consisted of a mixture of cryo-preserved lympho- 
cytes from three healthy adult individuals, selected to 
represent all HL-A specificities. The medium consisted 
of RPMI 1640 supplemented with 15% fresh AB human 
serum (NHS), 100 units of penicillin and 100 micro- 
grams of streptomycin per milliliter. Incubation was 
continued for seven days and the reaction was quanti- 
tated by addition of tritiated thymidine for the last 
five hours of the culture. The response was expressed 
as mean counts per minute from three replicate cul- 
tures. The MLC’s were performed on patient’s lympho- 


cytes on a sequential basis during the hospital stay, 


and cells from one or two normal individuals were 
used for comparison on each occasion. 
Cell-mediated lympholysis. Effector killer cells for 
the cell-mediated lympholysis (CML) assay were gen- 
erated in MLC over 6 days, using the same triple- 
stimulating cell cocktail as above. The CML test!! 
was carried out by incubating 1 x 10? *!Cr-labelled 
target cells from two established cell lines with 4 x 10° 
aggressor (killer) cells in 5 ml RPMI 1640 containing 
15% NHS for four hours. At the end of the incubation 
period, the *'Cr liberated into the supernatant was 
counted and the percentage specific release of the 
isotope was calculated according to the formula: 


% release 


_ CPM experimental — CPM spont. release 
CPM maximal release — CPM spont. release 


x 100 


Spontaneous release was established by incubating 
target cells alone; maximum release of "Cr was 
measured following three freeze-thaw cycles. 

Blastogenic factor. Blastogenic factor (BF) was 
raised in mixed cultures of leukocytes from normal 
donors. The response of patients' cells to BF was 
established by incubating these with BF in medium 
1640 (in a ratio of 1:1) for seven days, adding tritiated 
thymidine for the last five hours of culture.” 


Statistical Analysis 


Statistical analysis has been performed using chi 


| square, paired t tests, regression analysis and the 


Student's t test. 


Results 


The 354 patients studied were divided according to 
the timing of skin testing into three groups (Table 2): 
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TABLE 2. Morbidity and Mortality Based Upon Initial Skin Test 
Death 


Patients Sepsis 





Pre-operative 


Anergy 12 5:5 2 16.7 4 33.3 
Rel. anergy 14 6.4 3 21.4 5 35.7 
Normal 192 88.1 8 42 6 3.1 
218 
Post-operative/ 
post-trauma 
Anergy 48 64 34 70.8 15 31.2 
Rel. anergy 16 21.3 ii 63.7 3 18.7 
Normal ; 11 14.7 1 9.1 0 0 
75 
Non-operative 
Anergy 16 26.2 4 25 7 43.7 
Rel. anergy 4 6.6 1 25 i 25 
Normal 41 67.2 0 0 0 0 
61 





those tested preoperatively, those tested following 
major trauma and/or surgery, and those not operated 
upon. Of the 218 patients tested preoperatively, 26 
(12%) had altered cutaneous responses with a sig- 
nificantly higher rate of sepsis 19% (P < 0.025) and of 
mortality 35% (P < 0.001) than did the 192 normal 
. responders. Similarly, of the 75 patients initially tested 
following major trauma and/or surgery, 64 (8596) were 
anergic or relatively anergic with an associated high 
rate of sepsis (70%) and a 28% mortality rate (P « 0.001). 
Amongst the 61 patients not operated upon, the inci- 
dence of sepsis (25%) and death (40%) in the 20 patients 
with abnormal responses was also statistically different 
(P « 0.001) from the 41 normal responders. 

Serial skin testing was performed on 178 patients and 
results are shown in detail in Table 3. If the response 


TABLE 3. Sequential Testing 








Responses Patients Sepsis % Death % 
Anergy-—anergy 30 19 63.3 20 66.7 
Anergy —rel. 

anergy 8 3 37.5 1 12.5 
Anergy —normal 30 14 46.7 2 6.7 
Rel. anergy — 

anergy 7 4 57.1 7 100 
Rel. anergy —rel. . 

anergy 3 2 66.7 2 66.7 
Rel. anergy — 

normal 21 8 38.1 0 0 
Normal—anergy 3 3 100 3 100 
Normal—rel. 

anergy — 0 0 0 0 0 
Normal-—normal 76 3 5.6 0 0 
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remained normal or improved, the prognosis for sepsis 
and survival was better than in normal responders 
who became anergic or relatively anergic or in those 
abnormal responders who did not improve their de- 
pressed state. 

In the 135 patients who remained normal or im- 
proved their skin reactivity, we believe due at least 
in part to treatment, the sepsis rate was 21% and mor- 
tality 2.1%. By contrast, in the 43 patients who were 
abnormal and did not improve, the sepsis rate was 
65% and the mortality 74%. 

If one considers only the 97 patients who had 
preoperative tests and serial tests postoperatively, 
thereby eliminating patients who were infected or ser- 
iously injured at the time of first testing, there was no 
mortality or sepsis if the patients remained normal or 
improved their reaction (83 patients). However, four of 
eight who were anergic or relatively anergic preopera- 
tively and remained so following surgery, developed 
sepsis and five died. Likewise, in the remaining 6 
patients whose responses worsened postoperatively, 
four had septic complications and all 6 died. 

Neutrophil chemotaxis was assessed in 55 patients 
with altered cutaneous responses; 40 were anergic 
and 15 relatively anergic. Stimulating normal control 
neutrophils migrated 117.5 + 1.6 u, whereas those of the 
patients with altered skin reactivity migrated 85.8 + 1.9u 
(P < 0.001). The stimulated migration of the 40 anergic 
patients was 81.7 + 2.3 u, which was different from 
normal (P « 0.001). The neutrophils of the 15 relatively 
anergic patients migrated 97.2 + 3.8 u, which was differ- 
ent from both controls and anergic patients' neutrophils 
(P « 0.01) (Fig. D. Random migration of neutrophils of 
patients with altered responses was 28.9 + 1.0 u sig- 
nificantly less than normal 38.4 + 1.4u (P < 0.01). 
Random migration of anergic patients' neutrophils was 
26.6 + 1.1 u, less than controls and relatively anergic 
patients (P « 0.001) whereas the random migration of 
relatively anergic patients’ neutrophils, 36.1 + 2.9 u was 
not different from controls. 

Fourteen patients were studied when anergic and 
following recovery of normal cutaneous responses 
(Fig. 2). Stimulated migration of neutrophils when 
anergic was 78.2 + 5.4 u and following restoration of 
cutaneous responses was significantly improved to 
107.2 + 4 u (P < 0.01). Random migration was also im- 
proved from 26.8 + 1.9 u to 32.9 + 2.7 u (P « 0.05). 

The effect of anergic and normal sera on anergic and 
normal neutrophils is illustrated in Table 4. Incubation 
of normal cells in anergic serum when compared to 
incubation in autologous serum reduced stimulated 
migration of normal neutrophils significantly from 
121.2 1.6u to 103.6+2.6u (P<0.001). Random 
migration was similarly reduced from 24.8 + 0.8 to 
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Fic. 1. Stimulated and 
random migration (microns) 
of the neutrophils of 40 
anergic and 15 relatively 
anergic patients and 19 
controls. 


75 


50 


(pmin 120 min.) 


25 


NEUTROPHIL MIGRATION 


17.6 1.6u (P«0.00D). Neutrophils from anergic 
patients when stimulated migrated significantly further 
in normal serum, 93.0 x 3.7 u than anergic serum 
86.2 + 3.6 u (P « 0.01). Random migration was similar, 
14.8 + 4.4 u and 13.6 € 2.] u. 

The phagocytic and bactericidal function of neutro- 
phils is not significantly abnormal (Fig. 3). However, 
there is a statistically significant relationship between 
numbers of bacteria not phagocytized or not killed 
and the distance migrated by these same neutrophils. 
Phagocytosis and distance migrated are expressed by 
the equation Y — 645.19 — 3.06 X with correlation co- 
efficient of —0.553 (P < 0.02). Bactericidal function 
and distance migrated are expressed by the equation 
Y = 542.54 — 2.97 X with correlation coefficient of 
—0.514 (P « 0.05). 

T-ymphocytes were quantitatively assessed in 66 
patients; 37 had altered responses, 23 were anergic and 
14 relatively anergic (Fig. 4). The total lymphocyte 
count in patients with altered responses 1201 + 134.7 
was different from normal responders 1896.3 + 212.6 
(P « 0.01). Anergic and relatively anergic patients had 
1131.1 + 150.8 and 1330.2 + 268.9 lymphocytes. The 


125 





STIMULATED 


RANDOM ` 


Fic. 2. Stimulated and random migration of neutrophils of 14 
patients tested when anergic and following recovery of normal 
skin test reactivity. 
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| Anergy (n=40) 
Relative anergy (n-15) 
Control (n=19) 


**5< 0.01 





RANDOM 


total T-cells were also reduced in patients with altered 
responses from 945.3 + 143 to 536.3 + 69.5 in nor- 
mals (P < 0.01). The % E-rosettes, the percentage of 
circulating lymphocytes consisting of T-cells, was sig- 
nificantly reduced in patients with altered responses 
42.5+3.1 from 53.6 £2.8 in normal responders 
(P < 0.02). The total T-cells in A and RA patients 
was the same and % E-rosettes was not different. 

The per cent E-rosettes for each normal responder, 
using fetal calf serum, provided the control for each 
serum assay. The per cent E-rosettes, when normal 
lymphocytes were incubated in normal serum, was 
103.3 + 7.7% of control compared to 71.6 + 6.6% of 
control when the same lymphocytes were incubated 
in anergic serum (Fig. 5). There was a graded response 
between serum of relatively anergic and anergic 
patients, but too few patients were studied for sta- 
tistical significance (Fig. 5). 

The MLC reaction was studied in 34 patients (14 
normal, 5 relatively anergic, 15 anergic). The results, 
expressed as a percentage of control, were not 
different between the normal and abnormal skin test 
responders (119.1 + 10.2 and 108.2 + 10.9 respec- 


TABLE 4. Effect of Anergic and Normal Serum 
on Neutrophil Chemotaxis 








Stimulated Random 
Migration Migration 
Anergic cells: normal serum 93.0 + 3.7 14.8 + 4.4 
. t N.S. 
Anergic cells: anergic serum 86.2 + 3.5 13.6 + 2.1 
Normal cells: normal serum 121.2 + 1.6 24.8 + 0.8 
t t 
Normal cells: anergic serum 103.6 + 2.6 17.6 + 1.6 





* P « 0.01. 
t P < 0.001. All distances measured in microns. 
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Fic. 3. Regression analysis of viable bacteria remaining after 


incubation of patients’ neutrophils and bacteria versus distance 
migrated in response to casein. 


tively). Only three patients had marked depression 
of their MLC response. Each of these had abnormal 
skin test responses and all three died. 

The CML was studied in 16 patients (13 anergic and 
three relatively anergic) and 14 controls were used. 
The results, expressed as a percentage of *!Cr release, 
were not different in patient (18.3 + 4.9) and control 
groups (19.6 + 6.6). 

In 50 patients (22 normal, 9 relatively anergic, 19 
anergic), the response to BF did not discriminate 
between the normal patients and those with altered 
responses. The results, expressed as per cent of 
control, were 157.7 + 22.0 and 151.7 + 26.6, for the 
normal and abnormal skin test responders. 


Case Reports 


Case 1. (Fig. 6), a 63-year-old male, was admitted with bowel 
obstruction secondary to gallstone ileus and operated upon promptly. 


TOTAL T-CELLS 


-% E-ROSETTES TOTAL LYMPHOCYTES 





wo- 
B normai 

Rel. anergy 
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Fic. 4: The per cent E-rosettes; total lymphocytes and total T-cells 
for normal, relatively anergic and anergic patients. 
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On the ninth hospital day, a second operation for drainage of a 
small subphrenic abscess was required and followed by institution 
of total parenteral nutrition. His cutaneous responses remained 
normal but deteriorated when persistent respiratory failure necessi- 
tated tracheostomy and ascending cholangitis required emergency 
cholécystectomy and common duct exploration. Subsequently, 
neutrophil chemotaxis and cutaneous responses returned to normal. 
The hospital course was prolonged but he was discharged home on 
eighty-sixth hospital day. 

Case 2. a 60-year-old miale, with previous head injury transferred to 
this hospital with upper gastrointestinal hemorrhage from hemor- 
rhagic gastritis requiring hemigastrectomy ori day of admission. 
He was anergic and four days later completion to total gas- 
trectomy was necessitated by recurrent bleeding. Respiratory 
failure ensued. Total parenteral nutrition was instituted. He 
recovered slowly depsite two episodes of septicemia to be dis- 
charged well to a convalescent home. Skin test responses and 
neutrophil chemotaxis returned concurrently to normal (Fig. 7). _ 


Discussion 


A previous preliminary study suggested a significant 
correlation between altered skin test reactivity (anergy 
and relative anergy) and the subsequent development 
of sepsis and related mortality.!$ The present study has 
confirmed these résults in a larger series which includes 
patients first tested both before surgery and after 
surgery and trauma. A significantly higher risk for 
sepsis and death was also found in hospitalized 
patients who had impaired skin reactivity even though 
surgery was not performed. 

Serial testing of skin reactivity, at weekly intervals, 
is a very sensitive guide to the adequacy of manage- 
ment and prognosis. The evolution of responses to- 
gether with neutrophil chemotaxis is illustrated in the 
reported cases. Total parenteral nutrition together with 
drainage of sepsis, control of hemorrhage and man- 
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Fic. 5. The effect of normal serum, and serum from anergic 
and relatively anergic patients upon rosetting of normal lympho- 
cytes, expressed as percentage of same cells incubated in fetal 
calf serum. Results of anergic and relatively anergic sera ar 
pooled in abnormal groups. : 
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agement of airway were important in the ultimate ` 


recovery of these geritlemen. T 

Delayed hypersensitivity has usually been viewed as 
a reflection of cell-mediated immunity. This branch of 
the immune response is thought to relate to tumor 
resistance, transplantation immunity and resistance to 
fungal, viral and intracellular bacterial infections. 
Survival in patients with cancer has also been asso- 
ciated with skin test responsiveness? and in vitro T-cell 
numbers. 19 Anergic patients have had more rapid pro- 
gréssion ‘of their disease and earlier detection of 
metastases. The sepsis in the anergic patients we 
described? was caused by. common gram-negative 
rods and gram- positive cocci, traditionally controlled 
by humoral and phagocytic mechanisms. 

In an earlier description of the relationship between 
anergy, sepsis and mortality in surgical patients,” the 
only abnormal in vitro immunologic feature was the 
presence of a strong serum inhibitor of the MLC reac- 


«— tion in four patients, which disappeared "upon restora- 


tion of normal responsés in the two patients wlio 
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survived. Lymphocyte transformation when stimu- 
lated by phytohemagglutinin and allogenic lympho- 
cytes was normal. — 

Neutrophil bactericidal function (NBF) was also pre- 
viously studied and found not to correlate with the 
patients’ course or to identify those patierits likely 


to develop sepsis. Some patients. extremely ill with 


sepsis had normal NBF whereas in others who were 
recovering, NBF was abnormal without sübsequent 
sepsis. There was in that group of patients a corre- 
lation betweeri neutrophil bactericidal function and 
serum albumin implying a failure of nutrition. € [t has 
been previously shown in the burn i injury that abnormal 
neutrophil function correlates closely with develop- 
ment’ of sepsis.^" This is an acquired defect of 
neutrophil function as it disappears: when the burn 
wound is covered with autologous skin.? In the 
present study, the past failure to correlate some 
neutrophil or lymphocyte functions to sepsis has led 
us to examine others aspects of the immune response 
to explain ‘the high incidence of sepsis. The identify- 
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ing abnormality for the group at risk was a failure of 
cutaneous reactivity. Therefore cellular migration, spe- 
cifically neutrophil chemotaxis and the effect of serum 
upon chemotaxis was assessed. Movement of cells, 
both neutrophils and lymphocytes,” is required to 
develop a delayed hypersensitivity reaction. 

In anergic patients, neutrophil chemotaxis both 
stimulated and random migration was clearly abnor- 
mal. There was a graded abnormality when the patients 
were separated into the categories of anergy and rela- 
tive anergy with all results being different from normal 
controls. When cutaneous responses became normal, 
chemotaxis returned almost to normal. There was a 
weak but statistically significant correlation between 
neutrophil chemotaxis and phagocytosis and bacteri- 
cidal killing which may have implications in the ability 
of the anergic patient to respond to infection. 

Primary cellular defects of chemotaxis have been 
identified in infants and children$:9:162529 where sepsis 
has been attributed to this defect of neutrophil 
function. There are also reports of combined ab- 
normalities of chemotaxis, phagocytosis and intracellu- 
lar killing and their associations with recurrent in- 
fection.? Warden et al. have correlated abnormal 
chemotaxis in burn patients with mortality similar to 
the present results with anergic patients. In addition 


to a cellular defect-the serum of anergic patients 


markedly inhibited migration-of normal neutrophils. 
Anergic - neutrophils in autologous serum migrated 
86.2 + 3.5 u; similar to ariergic neutrophils in Gey's 
solution. The improvement to 93.0 + 3.7 u by incuba- 
tion of anergic cells in normal serum was statistically 
significant and implies that normal serum can, in 
part, restore chemotaxis to normal. A Control in 
Gey’s solution was not run and it is not possible 
therefore to be certain whether normal serum was 
enhancing or abnormal serum depressing chemotaxis. 

Van Epps et al.?9?? have identified a serum inhibi- 
tor of chemotaxis in serum of anergic patients which 
disappears with return of cutaneous reactivity and sug- 
gests that it may function as a natural anti-inflamma- 
tory agent in systemic illness. Sedimentation co- 
efficients of the inhibitors are 6.8 S and 10.7 S,” Till 
and Ward? have purified two chemotactic factor in- 
hibitors from the serum of normal people. One is a 
B-globulin with sedimentation velocity of 7 S, the other 
an a-globulin with a sedimentation velocity of 4 S. 
These inhibitors and inactivators appear to be differ- 
ent. Increased levels of chemotactic factor inactivators 
have been reported in Hodgkin's disease* and may 
contribute to the alterations of host defense in that 
condition. 

In the present study further assays of lymphocyte 
function, specifically: the mixed lymphocyte culture, 
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cell-mediated lympholysis and response to a lympho- 
kine blastogenic factor, have not revealed any ab- 
normalities of lymphocyte reactivity. 

Both cellular and serum abnormalities were, how- 
ever, found using the E-rosette assay, which is thought 
to enumerate T-lymphocyte numbers using their sur- 
face characteristics and affinity for SRBC. In anergic 
patients, the total number of lymphocytes was reduced 
by a third and the total T-cells by almost 5096. This 
latter reduction was partly due to a reduction in per 
cent of E-rosettes from 53.6% in normal responders 
to 42.596 in anergic patients (P « 0.02). Of great inter- 
est is the reduction by 3096 in number of rosetting 
cells by incubation of normal lymphocytes in anergic 
serum. This change in rosetting from that observed 
in fetal calf serum by incubation in anergic serum 
implies an alteration of T-cell surface characteristics 
rather than T-cell numbers and may, in part, account 
for the alterations in skin reactivity. It is not known 
if this serum factor is similar to that which can inhibit 
neutrophil chemotaxis. 

There are, in anergic patients, defects in neutrophil 
chemotaxis which disappears with restoration of 
normal cutaneous responses. There is at the same time 
a serum inhibitor of chemotaxis, a reduction of 
T-lymphocyte rosetting and a serum inhibitor of ro- 
setting. At this time, it cannot be proven that these 
abnormalities. of host defense are responsible for the 
high rate:of sepsis and death in anergic patients, 
however, thé association of anergy, abnormal neutro- 
phil function, altered lymphocyte rosetting, effect of 
autologous serum and sepsis is apparent. 

With the ‘identification of patients who are at in- 
creased risk for the development of sepsis, the ques- 
tion of how to: reverse the anergic state arises. Atten- 
tion is correctly. focused on the state of nutrition of 
the anergic patient. There is some evidence that 
neutrophil bactericidal function is related to abnormal 
nutritional status? and can be improved with attend- 
ent increase in survival by appropriate nutritional 
supplementation.! Using measurements of body com- 
position to document the size of the body cell mass 
and its change with therapy, Shizgal et a1.?^?' have 
documented several features of the anergic state that 
have therapeutic implications. Firstly, anergy is closely 
correlated with an erosion of the body cell mass and 
an expansion of the intracellular supporting structure 
of body composition. This is reflected in the total 
exchangeable sodium to total exchangeable potassium 
ratio, a sensitive index of nutrition since it varies 
within narrow limits in healthy individuals and in- 
creases significantly with protein-calorie malnutri- 
tion.?? Secondly, reconstitution of the body cell 
mass by total parenteral nutrition is regularly followed 
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by restoration of skin reactivity.2! However, in many 
patients total parenteral nutrition given over periods 
between two and three weeks does not correct the 
contracture of body cell mass nor the abnormal total 
exchangeable sodium to total exchangeable potassium 
ratio. In these instances, skin reactivity also remains 
abnormal, the prognosis is poor, and failure to correct 
protein-calorie malnutrition by total parenteral nutri- 
tion is the likely outcome?! if this treatment is con- 
sidered only after a septic complication had developed. 
Anergy is often a reversable state and the aggressive 
early use of total parenteral nutrition in these patients 
is an integral part of their treatment. 
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One of the problems with this, reflected by our own similar work 
in this area, is that these tests do not become abnormal in such 
a sufficiently early manner as to be helpful in the early diagnosis 
of impending infection. It does pick out those patients in the 
elective situation which are genuine high-risk individuals, but from 
a point of view of looking at a patient and seeing whether these 
signs might be helpful as to who’s brewing septic complications 
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or not, they really don’t become sufficiently abnormal far enough 
in advance of the clinical signs to be very helpful. 

However, by these very specific kinds of inquiries, I think we 
may evolve a kind of treatment which is much more specific than 
what Dr. Meakins has presented today. The simple point is that 
at this time all we can do is simply improve the patient's nutrition. 
This is the only way to alter these things. I would hope that 
these kinds of studies may give us a handle on making very specific 
therapeutic manipulations that will improve this over-all situation for 
the patient. 

To that end, I would like to ask the authors if they have had 
any experience, either in the laboratory or in the clinical setting, 
with transfer factor, which has the capability of altering some of 
these abnormalities in a beneficial way for these very ill patients? 


Dr. JOHN ANTHONY MANNICK (Boston, Massachusetts): This 
paper might properly be called Chapter 2 in these authors' important 
investigation of the deficiencies in host defense mechanisms in 
traumatized and septic patients. 

Since we have recently become quite interested in the defects 
in cellular immunity in similar patients, I would like to ask the 
authors two questions. The first has to do with the serum in these 
anergic patients. 

(Slide) We have recently described the recovery from the serum 
of similar traumatized and septic patients of a peptide fraction, 
which is suppressive of lymphocyte activation at relatively low 
concentrations, and is also suppressive of E-rosette formation when 
applied to normal human lymphocytes in tissue culture medium. 

I would like, therefore, to ask Dr. Meakins and Dr. MacLean 
whether or not they have characterized the material in their 
anergic patients’ serum which has similar effects on rosette 
formation, and whether or not they know its chemical nature? 

The second question has to do with the lymphocytes from the 
anergic patients themselves. (Slide) We have found in looking at 
such individuals that what happens with respect to lymphocyte 
activation and rosette formation in vitro has a good deal to do 
with how the lymphocytes are handled once they leave the patient. 
These data show the stimulatory response to PHA of lymphocytes 
from an anergic, traumatized patient. If the lymphocytes are 
taken from the patient and purified by the nylon wool method, which 
involves one washing of the lymphocytes in tissue culture medium, 
they are not very responsive to PHA. 

If, however, they are washed six times in tissue culture medium, 
they respond normally. The dotted lines represent a normal in- 
dividual, after one and six washes, who does not show this effect. 
A remarkable difference in the patient’s lymphocyte response is 
achieved, depending upon how many times the lymphocytes are 
washed, suggesting that some suppressor material may be removed 
from the surface membrane of these cells in vitro, provided that 
one washes the cells thoroughly enough. This is the case, for 
example, with the Ficoll-Hypaque method of lymphocyte prepara- 
tion. 

I would therefore like also to ask the authors how the lymphocytes 
were prepared in their studies when they looked for deficiencies 
in lymphocyte activation, such as the mixed lymphocyte culture, 
mitogen stimulation, and so forth? 


Dr. George H. A. CLowes, Jr. (Boston, Massachusetts): I 
was going to ask a question similar to that of Dr. Mannick as to 
whether normal cells may be affected by incubating in the plasma 
of septic patients. The comparison with metabolic phenomena in 
other tissues is interesting. In our own work, we find that rabbit 
muscle incubated in the plasma of normal patients responds 
normally to insulin and other metabolic stimuli. On the other hand, 
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if we incubate that same normal skeletal muscle with plasma from a 
septic animal, or patient, these responses are inhibited. 

Dr. Mannick also said another interesting thing, that by washing 
one can correct some of these defects. One wonders if it’s a surface 
phenomenon going on in the cells that is related to some circulating 
peptide. I suggest peptides because we find that the active fraction 
of plasma from septic patients which alters muscle metabolism is 
in the range of 4000—7000 molecular weight. It has other charac- 
teristics of peptides, and its production and activation can be 
inhibited by peptidase inhibitors. 

Therefore, I suggest that we may be looking at a metabolic 
phenomenon of inadequate energy production in these cells that 
sets up this situation. Of course, the corrective treatment for a thing 
like this is to find out what the toxic agent may be and then to inhibit 
its activation, or production. 

Furthermore, previous work by Dr. Meakins and others points 
up the fact that failure of energy metabolism, and secondarily 
protein synthesis, seriously impair immunocompetence in a variety 
of ways. Therefore, we strongly believe that nutritional support 
is of prime importance in preventing or correcting the situation 
he has described. 


Dr. WILLIAM A. ALTEMEIER (Cincinnati, Ohio): In developing 
Chapters 9 and 11 of the Manual on Control of Infections for the 
Pre- and Postoperative Care Committee of the American College 
of Surgeons, it became more and more apparent and obvious that 
a consideration in prophylaxis of infection was a definition of the 
patients who would be at higher risk to infection. Mr. MacLean 


- was the member of that Committee who prepared the manual. 


It appears to me that these authors have presented data that will 
be particularly useful in defining and designating those patients 
in our surgical practice who will be at higher risk to the development 
of infection, and that will require special consideration before 
operation, during operation, and in the postoperative period. 


Dr. JONATHAN L. MzakiNs (Closing discussion): Dr. Polk, 
we have not, in fact, used transfer factor. We tried, in one patient 
reported in a previous study, transfer factor from the patient's 
mother's lymphocytes. It made no difference. 

Dr. Mannick, the serum factors which produce inhibition of the 
mixed lymphocyte culture, E-rosettes, or neutrophil chemotaxis 
have not been characterized. It would appear from the literature, 
particularly from Dr. Peter Ward's lab and that of Dr. Dennis van 
Epps, that there are multiple inhibitors. They each describe two 
separate inhibitors, Ward, in normal patients, two chemotactic 
factor inactivators, both of which have different sedimentation 
constants, and van Epps describes two more in anergic patients, 
all of which have separate and different, finite sedimentation 
constants. So we may, in fact, be dealing with multiple inhibitory 
factors in these settings. 

The methodology for separation of lymphocytes was not using 
nylon wool, but with Ficolle-Hypaque, and so, in terms of the 
lymphocyte, these washing experiments that you refer to may be 
pertinent. However, in terms of neutrophil chemotaxis, we have 
washed these cells as many as eight times, and there is no restoration 
of abnormal neutrophil chemotaxis in those patients who were 
abnormal. 

I thank Dr. Altemier for his kind remarks. I think the key point 
is that we are able to define those patients who are at risk for 
sepsis, either preoperatively or in the postoperative period, and 
that sequential skin testing is at the present time the most sensitive 
measure that we have easily available to identify and follow those 
patients with acquired abnormalities of host defense and therefore 
at risk for either present or continuing sepsis. 
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Relying on the use of original illustrations cou- 
pled with succinct, on-target text, this second 
edition of Illustrated Preoperative and Postopera- 
tive Care is a masterful exposition of Dr. Thorek’s 
rich personal experience. 

Practicality is the theme as Dr. Thorek covers 
evaluation of the surgical patient, the immediate 
post-op period, the recovery room, use of fluid 
and electrolytes, chemotherapy, and surgical 
complications. The chapter on surgical pharma- 
cology, new to this edition, includes the concepts 
of alpha and beta stimulators and blockers as 
they pertain to the therapeutic value of various 
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The beautiful illustrations support the text ad- 
mirably, and in many cases are fully explanatory 
in themselves. 

“. . . a useful reference source for neophyte or 
experienced. surgeon alike."—Military Medicine 
“, . . invaluable to any student, surgeon, resident, 
intern or clerk, who ever intends to do surgery 
of any type." —International Surgery. 


147 Pages + 79 Illus. * 2nd Edition, 1973 - 
$10.25 


--------------------- RUN 


Lippincott 


J. B. Lippincott Company 
East Washington Square e Phila., Pa. 19105 


1 
I 

l 

I 

| 

I 

l 

I 

Please send me: : 
(7 ILLUSTRATED .PREOPERATIVE I 
AND POSTOPERATIVE CARE ....... $10.25 I 

| 

i 

i 

i 

I 

I 

l 

I 

I 


Name 
Address 
City State Zip 











C] Payment enclosed [3 Charge and bill me 
Save postage & handling Plus postage & handling 


Also available at your medical bookstore AS 9/77 


r 
l 
l 
l 
I 
I 
| 
l 
I 
l 
l 
l 
l 
l 
l 
I 
l 
| 
l 
l 
l 
l 
| 
| 
| 
I 
| 
L. 


rom the first - 
drop to the 
last capsule 





-2 € "'nhalesn--rin 
may be all you need" 


EFFICACY Parenterally, 90.4% of 806 patients had an 
excellent to good clinical response (includes patients 
treated for a variety of respiratory tract, urinary tract, and 
skin and soft tissue infections, plus septicemia). 

Orally, 86.7% of 3719 patients had a comparable 
response (includes patients treated for respiratory tract, 
urinary tract, and skin and soft tissue infections). 


SAFETY 93.5% of 6555 patients free of any reported 
adverse reactions (includes patients who received 
Velosef by both oral and parenteral routes for a variety 
of susceptible infections). 

CONTINUITY Velosef is the only cephalosporin which 
can be used by both the oral and parenteral routes, 
affording a continuity of therapy for appropriate 
indications unique in this class of antibiotics.* 
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tion only); Urinary Tract Infections due to E. coli, Pr. mirabilis and Kleb- 
Siella sp.; Septicemia (injection only) due to Streptococcus 
pneumoniae, S. aureus, Pr. mirabilis, and E. coli. 
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during cephradine therapy. Renal function studies should be per- 
formed when indicated. 
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cephalosporin group of antibiotics. 
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have demonstrated some form of allergy, particularly to drugs. Serious 
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(including intubation) as indicated. 
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nant women against possible risk to the fetus. Cephradine is secreted 
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As a psychotherapeutic agent, Valium 
(diazepam) serves a wide range of needs 


Whatever the patient’s primary diagnosis, excessive anxiety sometimes 
becomes an important factor in treatment. In such cases, you'll find Valium an 
extremely useful adjunct to counseling. That's because oral Valium acts 
promptly and effectively to calm the tense, overreacting patient and to reduce 
his anxiety to more manageable levels. Moreover, Valium may be given to 
psychoneurotic patients whose predominant anxiety is accompanied by 
secondary depressive symptoms. And when anxiety is particularly 
acute— before surgery, endoscopy or cardioversion, 
for instance — Valium is available in injectable 
form to provide immediate calming. 

Valium is generally well tolerated, with side 
effects more serious than drowsiness, fatigue and 
ataxia rarely seen. Ambulatory patients, however, 
should be cautioned against driving, operating 
dangerous machinery or drinking alcohol while on 
therapy with Valium. 


Valium (diazepam) serves 
as an adjunct in skeletal muscle 
spasm and spasticity 


Because of its potent muscle-relaxant 
properties, Valium is a useful adjunct in relieving 
skeletal muscle spasm caused by sprains, strains 
or inflamed muscles. In such cases, adjunctive 
Valium often helps break the reflex cycle of 
spasm/pain/spasm and thus tends to increase 
mobility more rapidly. In certain other disorders 
as well — such as paraplegia and athetosis — rehabilitation special- 
ists often find the spasmolytic action of Valium helpful in relieving 
involuntary movements, muscular rigidity and convulsive spasms. 
And you can choose from scored tablets or injectable dosage 
forms to suit an individual patient's needs. 

Because of its relatively low toxicity, Valium has a noteworthy 
safety record. Nevertheless, as with any long-term drug therapy, 
periodic blood counts and liver function tests are advisable. 
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hospital service 


In status epilepticus particularly, Injectable 
Valium (diazepam) serves a vital need 


Injectable Valium is now considered by many authorities 
to be a preferred drug in the management of status epilepticus. Used 
adjunctively, it generally succeeds in interrupting seizures promptly. 
Frequently, a single injection helps restore control. Injectable Valium 
has at times been effective even after standard 
anticonvulsants have failed. 

If used intravenously, Injectable Valium 
should be administered slowly, taking at 
least one minute for each 5 mg (1 ml) given; it 
should not be mixed or diluted with other 
solutions or fluids. Although Injectable Valium 
seldom alters vital signs, because of the possible 
occurrence of apnea and/or cardiac arrest 
(especially in elderly or very ill patients), re- 
suscitative facilities should be readily available. 
(See product information. ) 
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For a summary of product information, please see following page. 


Valium diazepam) 


2-mg, 5-mg, 10-mg scored tablets 
ready-to-use 

2-ml Tel-E-Ject'( disposable syringes) 
2-ml ampuls 

10-ml vials 


n ei actions: 
psychotherapeutic 
skeletal muscle relaxant 
anticonvulsant 


Before prescribing, please consult complete product information, a summary of 
which follows: 
Indications: Tension and anxiety states; somatic complaints which are concomitants 
of emotional factors; psychoneurotic states manifested by tension, anxiety, ap- 
prehension, fatigue, depressive symptoms or agitation; symptomatic relief of acute 
agitation, tremor, impending or acute delirium tremens and hallucinosis due to 
acute alcohol withdrawal; adjunctively in: relief of skeletal muscle spasm due to 
reflex spasm to local pathology; spasticity caused by upper motor neuron disorders; 
athetosis; stiff-man syndrome. Oral form may be used adjunctively in convulsive 
disorders, but not as sole therapy. /njectable form may also be used adjunctively in: 
status epilepticus; severe recurrent seizures; tetanus; anxiety, tension or acute stress 
reactions prior to endoscopic/surgical procedures; cardioversion. 
Contraindications: Tablets in children under 6 months of age; known hyper- 
sensitivity; acute narrow angle glaucoma; may be used in patients with open angle 
glaucoma who are receiving appropriate therapy. 
Warnings: As with most CNS-acting drugs, caution against hazardous occupations 
requiring complete mental alertness (e.g., operating machinery, driving). Withdrawal 
symptoms (similar to those with barbiturates, alcohol) have occurred following 
abrupt discontinuance (convulsions, tremor, abdominal/muscle cramps, vomiting, 
Sweating). Keep addiction-prone individuals (drug addicts or alcoholics) under care- 
ful surveillance because of predisposition to habituation/dependence. 
Usage in Pregnancy: Use of minor tranquilizers during first trimester 
should almost always be avoided because of increased risk of i 
malformations, as suggested in several studies. Consider possibility of 
pregnancy when instituting therapy; advise patients to discuss therapy if 
they intend to or do become pregnant. 
ORAL: Advise patients against simultaneous ingestion of alcohol and other CNS 
depressants. 


Not of value in treatment of psychotic patients; should not be employed in lieu of 
appropriate treatment. When using oral form adjunctively in convulsive disorders, 
possibility of increase in frequency and/or severity of grand mal seizures may require 
increase in dosage of standard anticonvulsant medication; abrupt withdrawal in 
such cases may be associated with temporary increase in frequency and/or severity 
of seizures. 

INJECTABLE: To reduce the possibility of venous thrombosis, phlebitis, local irritation, 
swelling, and, rarely, vascular impairment when used l.V.: inject slowly, taking at 
least one minute for each 5 mg (1 ml) given; do not use small veins, i.e., dorsum of 
hand or wrist; use extreme care to avoid intra-arterial administration or extravasation. 
Do not mix or dilute with other solutions or drugs, or add to I-V. fluids. 

Administer with extreme care to elderly, very ill, those with limited pulmonary reserve 
because of possibility of apnea and/or cardiac arrest; concomitant use of barbitu- 
rates, alcohol or other CNS depressants increases depression with increased risk of 
apnea; have resuscitative facilities available. When used with narcotic analgesic 
eliminate or reduce narcotic dosage at least 1/3, administer in small increments. 
Should not be administered to patients in shock, coma, acute alcoholic intoxication 
with depression of vital signs. 

Has precipitated tonic status epilepticus in patients treated for petit mal status or 
petit mal variant status. 

Withdrawal symptoms (similar to those with barbiturates, alcohol) have occurred 
following abrupt discontinuance (convulsions, tremor, abdominal/muscle cramps, 
vomiting, sweating). Keep addiction-prone individuals under careful surveillance 
because of predisposition to habituation/dependence. Not recommended for OB 
use. 


5 mg/ml 


Efficacy/safety not established in neonates (age 30 days or less); prolonged CNS- 
depression observed. In children, give slowly (up to 0.25 mg/kg over 3 minutes) to 
avoid apnea or prolonged somnolence; can be repeated after 15 to 30 minutes. If no 
relief after third administration, appropriate adjunctive therapy is recommended. 
Precautions: lf combined with other psychotropics or anticonvulsants, carefully 
consider individual pharmacologic effects—particularly with known compounds 
which may potentiate action of Valium (diazepam), i.e., phenothiazines, narcotics, 
barbiturates, MAO inhibitors and antidepressants. Protective measures indicated in 
highly anxious patients with accompanying depression who may have suicidal ten- 


dencies. Observe usual precautions in impaired hepatic function; avoid accumula- 
tion in patients with compromised kidney function. Limit oral dosage to smallest 
effective amount in elderly and debilitated to preclude ataxia or oversedation (initially 
2 to 2¥2 mg once or twice daily, increasing gradually as needed or tolerated). 


INJECTABLE: Although promptly controlled, seizures may return; readminister if 
necessary; not recommended for long-term maintenance therapy. Laryngospasm/ 
increased cough refiex are possible during peroral endoscopic procedures; use 
topical anesthetic, have necessary countermeasures available. Hypotension or mus- 
cular weakness possible, particularly when used with narcotics, barbiturates or 
alcohol. Use lower doses (2 to 5 mg) for elderiy/debilitated. 


Adverse Reactions: Side effects most commonly reported were drowsiness, fatigue, 
ataxia. Infrequently encountered were confusion, constipation, depression, diplopia, 
dysarthria, headache, hypotension, incontinence, jaundice, changes in libido, 
nausea, Changes in salivation, skin rash, slurred speech, tremor, urinary retention, 
vertigo, blurred vision. Paradoxical reactions such as acute hyperexcited states, 
anxiety, hallucinations, increased muscle spasticity, insomnia, rage, sleep distur- 
bances and stimulation have been reported; should these occur, discontinue drug. 


Because of isolated reports of neutropenia and jaundice, periodic blood counts, liver 
function tests advisable during long-term therapy. Minor changes in EEG patterns, 
usually low-voltage fast activity, have been observed in patients during and after 
Valium (diazepam) therapy and are of no known significance. 

INJECTABLE: Venous thrombosis/phlebitis at injection site, hypoactivity, syncope, 
bradycardia, cardiovascular collapse, nystagmus, urticaria, hiccups, neutropenia. 
In peroral endoscopic procedures, coughing, depressed respiration, dyspnea, 
hyperventilation, laryngospasm/pain in throat or chest have been reported. 


Dosage: Individualized for maximum beneficial effect. 


ORAL—Adults: Tension, anxiety, psychoneurotic states, 2 to 10 mgb.i.d. toq.i.d.; 
acute alcohol withdrawal, 10 mg t.i.d. or q.i.d. in first 24 hours, then 5 mg t.i.d. or 
q.i.d. as needed; adjunctively in skeletal muscle spasm, 2 to 10 mgt.i.d. orq.i.d.; 
adjunctively in convulsive disorders, 2 to 10 mg b.i.d. toq.i.d. Geriatric or debilitated 
patients: 2 to 2V2 mg 1 or 2 times daily initially, increasing as needed and tolerated. 
(See Precautions.) Children: 1 to 2v» mgt.i.d. or q.i.d. initially, increasing as needed 
and tolerated (not for use under 6 months). 


INJECTABLE: Usual initial dose in older children and adults is 2 to 20 mg I.M. or I.V., 
depending on indication and severity. Larger doses may be required in some condi- 
tions (tetanus). In acute conditions injection may be repeated within 1 hour, al- 
though interval of 3 to 4 hours is usually satisfactory. Lower doses (usually 2 to 5 mg) 
with slow dosage increase for elderly or debilitated patients and when sedative drugs 
are added. (See Warnings and Adverse Reactions.) 

For dosages in infants and children see below; have resuscitative facilities available. 
I.M. use: by deep injection into the muscle. 


I.V. use: inject slowly, take at least one minute for each 5 mg (1 m!) given. Do not use 
small veins, i.e., dorsum of hand or wrist. Use extreme care to avoid intra-arterial 
administration or extravasation. Do not mix or dilute with other solutions or drugs; do 
not add to I. V. fluids. 


Moderate psychoneurotic reactions, 2 to 5 mg I.M. or I.V. and severe psychoneurotic 
reactions, 5 to 10 mg I.M. or I.V., repeat in 3 to 4 hours if necessary; acute alcoholic 
withdrawal, 10 mg I.M. or I-V. initially, then 5 to 10 mg in 3 to 4 hours if necessary. 
Muscle spasm, in adults, 5 to 10 mg I.M. or I.V. initially, then 5 to 10 mgin 3 to 4 
hours if necessary (tetanus may require larger doses); in children, administer I.V. 
slowly; for tetanus in infants over 30 days of age, 1 to 2 mg T-M. or I.V., repeat every 3 
to 4 hours if necessary; in children 5 years or older, 5 to 10 mg repeated every 3 to 4 
hours as needed. Respiratory assistance should be available. 

Status epilepticus, severe recurrent convulsive seizures (I.V. route preferred), 5 to 
10 mg adult dose administered slowly, repeat at 10- to 15-minute intervals up to 30 
mg maximum. Repeat in 2 to 4 hours if necessary keeping in mind possibility of 
residual active metabolites. Use caution in presence of chronic lung disease or 
unstable cardiovascular status. Infants (over 30 days) and children (under 5 years), 
0.2 to 0.5 mg slowly every 2 to 5 min., up to 5 mg (I.V. preferred). M cm 5 years 
plus, 1 mg every 2 to 5 min., up to 10 mg (slow I.V. preferred); repeat in 2 to 4 hours 
if needed. EEG monitoring may be helpful. 

In endoscopic procedures, titrate I.V. dosage to desired sedative response, generally 
10 mgor less but up to 20 mg (if narcotics are omitted) immediately prior to 
procedure; if I.V. cannot be used, 5 to 10 mg I.M. approximately 30 minutes prior to 
procedure. As preoperative medication, 10 mg I.M.; in cardioversion, 5 to 15 mg LV. 
within 5 to 10 minutes prior to procedure. Once acute symptomatology has been 
properly controlled with injectable form, patient may be placed on oral form if further 
treatment is required. 

Management of Overdosage: Manifestations include somnolence, confusion, coma, 
diminished reflexes. Monitor respiration, pulse, blood pressure; employ general 
supportive measures, |.V. fluids, adequate airway. Use levarterenol or metaraminol 
for hypotension, caffeine and sodium benzoate for CNS-depressive effects. Dialysis 
is of limited value. 

Supplied: Tablets, 2 mg, 5 mg and 10 mg, bottles of 100 and 500; Tel-E-Dose* (unit 
dose) packages of 100, available in trays of 4 reverse-numbered boxes of 25, and in 
boxes containing 10 strips of 10; Prescription Paks of 50, available singly and in 
trays of 10. Ampuls, 2 mi, boxes of 10; Vials, 10 ml, boxes of 1; Tel-E-Ject® (dispos- 
able syringes), 2 ml, boxes of 10. Each ml contains 5 mg diazepam, compounded 
with 40% propylene glycol, 10% ethyl alcohol, 5% sodium benzoate and benzoic 
acid as buffers, and 1.5% benzyl alcohol as preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 


Years ago, most ostomates went home with a so-called “permanent” appliance. The 
disposables available then were mainly for post-op use. Now, though, there’s a 
family of simple, convenient disposables your patient can wear home with confi- 
dence. These Hollister disposables offer all you'd expect of “post-op” appliances: 
lightness, one-piece construction, ease of handling. Yet they’re strong—made of a 
tough multi-layered film that holds back odor more than 200 times as effectively as 
common polyethylene plastic. Thousands of ostomates who were started with 
Hollister disposables in the hospital have gone right on using them as their full-time 
appliances. Your patients can, too. 


OSTOMY PRODUCTS 


THE DISPOSABLE OSTOMY APPLIANCES 
MADE FOR EVERYDAY WEAR 
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COLOSTOMY: ILEOSTOMY: UROSTOMY: 






Send her home confident. Send him home secure. Spare her the faceplate-cement- 
An odor-barrier Karaya Seal stoma Specify a Karaya Seal Drainable— solvent routine. 

bag will provide the disposable Requisition 

skin protection, that provides Urostomy Bag 
security, and e w D effective skin appliances by 
simple self-care protection Hollister. These 

until her — without elaborate one-piece dis- 
colostomy is skin preparation. posables have a 
regulated. And It fits snugly convenient drain 
Hollister's ver- around the stoma valve for ambula- 
satile, mess- sealing off skin tory patients, a 
minimizing from potentially excoriating snap-on tube for 
Combination discharge, yet is easy to put bedside drainage, 
Cone/Tube on, easy to empty, and easy and do away with 
irrigator Kit offers an easy way to to dispose of. the time-consuming 
establish her irrigating routine. ritual associated with 


most "permanent" appliances. 


NO-CHARGE EVALUATION SETS AVAILABLE. 


Write on professional or hospital letterhead. 
There's a Hollister Product to simplify 
every stoma-care task 


HOLLISTER. 


HOLLISTER INCORPORATED - 211 EAST CHICAGO AVENUE, CHICAGO, ILLINOIS 60611 
HOLLISTER LIMITED * WILLOWDALE, ONTARIO M2J 1P8 
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Postoperative surgical infections 

Recent advances in surgical technique have been so remark- 
able that now total joints can be replaced with prosthetic 
devices. But the introduction of foreign -materials — 
protheses, pins, nails, screws —designed to replace damaged 
partsor facilitate healing, can often lead to infection. Common- 
ly, the implicated organism will be a penicillinase-producing 
staph. Progression can be swift and devastating.. 


Initial antistaph therapy: injection 

it's vitally important that effective treatment of bacterial inva- 

sion begin as soon as possible. If you suspect the presence. 
of staph and must begin therapy before definitive culture 
results are known, Injection Unipen® (nafcillin sodium)t is a 

particularly suitable agent. 


Appropriate specimens for bacteriologic studies to determine 
the causative organisms and their susceptibility to nafcillin 
should be taken prior to the first dose of antibiotic.t And, if 
those studies subsequently implicate organisms other than: 
penicillinase-producing staphylococci sensitive to nafcillin, 
discontinue it and administer the appropriate antibiotic. 


Rapid penetration 

Unipen appears rapidly in ama folowing miremos 
administration. Penetrates body tissues in high concentra- 
tion,and diffuses well into pleural, percer and synovial 
fluids. - i 


"On call" capability - 
Reconstitutes in less than 60 Seconds. Perfiains stable for 
24 hours. t 


a Follow-up therapy: tablets 
Unipen is available in tablet form as well as parenteral. So the 
,injectable form can be used initially in severe infections. And -: 
as soon as the clinical condition warrants, Unipen tablets 
allow you to continue antistaph therapy with the same anti- 
: biotic in a form more agreeable to most patients. - 
*Nafcillin-susceptible penicillinase-producing staphylococel: 


+See Important Note on next page. 
tse important inenaten under Parenteral Administration on next page. 
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Disc Susceptibility Tests: Quantitative methods that require 
measurement of zone diameters give the most precise estimates of 
antibiotic susceptibility. One such procedure* has been recom- 
mended for use with discs for testing susceptibility to penicillinase- 
resistant penicillin-class antibiotics. Interpretations correlate diam- 
eters on the disc test with MIC values for penicillinase-resistant 
penicillins. With this procedure, a report from the laboratory of 
"susceptible" indicates that the infecting organism is likely to 
respond to therapy. A report of "resistant" indicates that the infect- 
ing organism is not likely to respond to therapy. A report of “inter- 
mediate susceptibility" suggests that the organism would be 
susceptible if high dosage is used, or if the infection is confined to 
lissues and fluids (e.g., urine) in which high antibiotic levels are 
attained. 

*Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic 
Testing by a Standardized Single-Dises Method, Am. J. Clin. Pathol., 
45:493, 1966; Standardized Disc Susceptibility Test, FEDERAL REGISTER 
37:20527-29, 1972. 

Indications: Although the principal indication for nafcillin sodium 
is in the treatment of infections due to penicillinase-producing 
staphylococci, it may be used to initiate therapy in such patients in 
whom a staphylococcal infection is suspected. (See important 
Note below.) 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to nafcillin sodium should be performed. 

In serious, life-threatening infections, oral preparations of the 

penicillinase-resistant penicillins should not be relied on for 
initial therapy. 
Important Note: When it is judged necessary that treatment be 
initiated before definitive culture and sensitivity results are known, 
the choice of nafcillin sodium should take into consideration the fact 
that it has been shown to be effective only in the treatment of infec- 
tions caused by pneumococci, Group A beta-hemolytic streptococci 
and penicillin G-resistant and penicillin G-sensitive staphylococci. 
lf the bacteriology report later indicates the infection is due to an 
organism other than a penicillin G-resistant staphylococcus sensitive 
to nafcillin sodium, the physician is advised to continue therapy with 
a drug other than nafcillin sodium or any other penicillinase- 
resistant semi-synthetic penicillin. 

Recent studies have reported that the percentage of staphylococcal 
isolates resistant to penicillin G outside the hospital is increasing, 
approximating the high percentage of resistant staphylococcal iso- 
lates found in the hospital. For this reason, it is recommended that 
a penicillinase-resistant penicillin be used as initial therapy for any 
suspected staphylococcal infection until culture and sensitivity 
results are known. 

Methicillin is a compound that acts through a mechanism similar 
to that of nafcillin sodium against penicillin G-resistant staphylo- 
cocci. Strains of staphylococci resistant to methicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resulting 
in fatality. Because of. this there is concern that widespread use of 
the penicillinase-resistant penicillins may result in the appearance 
of an increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all 

other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently}. Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
oi clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
oi staphylococcus. 5 
Contraindicatións: A hístory.of allergic reaction to any of the 
penicillins is a contraindication. 
Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported in patients on penicillin 
therapy. Although anaphylaxis is more frequent following parenteral 
therapy it has occurred in patients on oral penicillins. These re- 
actions are more apt to occur in individuals with a history of 
sensitivity to multiple allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersen- 
sitivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to penicillins, cephalosporins, and other 
allergens. If an allergic reaction occurs, appropriate therapy should 


be instituted, and discontinuation of nafcillin therapy considered. 
The usual agents (antihistamines, pressor amines, corticosteroids) 
should be readily available. 

Precautions: As with any potent drug, periodic assessment of 
organ system function, including renal, hepatic and hematopoietic, 
should be made during prolonged therapy. 

. The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 

because of the possibility of thrombophlebitis. 
Adverse Reactions: Reactions to nafcillin sodium have been 
infrequent and mild in nature. As with other penicillins, the possi- 
bility of an anaphylactic reaction or serum sickness-like reactions 
should be considered. A careful history should be taken. Patients 
with histories of hay fever, asthma, urticaria, or previous sensi- 
tivity to penicillin are more likely to react adversely. 

The few reactions associated with the intramuscular useof nafcillin 
sodium have been skin rash, pruritus, and possible drug fever. As 
with other penicillins, reactions from oral use of the drug have in- 
cluded nausea, vomiting, diarrhea, urticaria, and pruritus. 
Parenteral Administration: it is recommended that parenteral 
therapy be used initially in severe infections. The patient should be 
placed on oral therapy with this product as soon as the clinical condi- 
tion warrants. Very severe infections may require very high doses. 

Intravenous Route: The required amount of drug should be 
diluted in 15 to 30 mi. of Sterile Water for Injection, U.S.P., or 
Sodium Chloride Injection, U.S.P., and injected over a 5- to 10- 
minute period. This may be accomplished through the tubing of an 
intravenous infusion if desirable. 

Stability studies on nafcillin sodium at concentrations of 2 mg/ml 
and 30 mg/m! in the following intravenous solutions indicate the 
drug will lose less than 10% activity at room temperature (70° F.) 
during the time period stipulated: 





isotonic sodium chloride ....24 hours 
5% dextrose in water 2.0.0... eee cee eee eee eee 24 hours 
5% dextrose in 0.4% 

sodium chloride solution................0..0c cee e ee ues 24 hours 
Ringer's solution. ........ 0.00. c ccc cece ccc e eee e neers 24 hours 
M/6 sodium lactate solution 

(conc. of 30 mg/ml) ..................0 0c eee heus 24 hours 


Discard any unused portions of intravenous solutions after 
24 hours. 

Only those solutions listed above should be used for the intra- 
venous infusion of Unipen® (nafcillin sodium). The concentration of 
the antibiotic should fall within the range of 2 to 30 mg/ml. The drug 
concentrate and the rate and volume of the infusion should be 
adjusted so that the total dose of nafcillin is administered before 
the drug loses its stability in the solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 

intramuscular Route: The clear solution should be administered 
by deep intragluteal injection immediately after reconstitution. 
After reconstitution, keep refrigerated (2°-8° C.) and use within 
7 days or keep at room temperature (25° C.) and use within 3 days. 
Ora! Administration: Beta-hemolytic streptococcal infections 
should be treated for at least 10 days to prevent development of 
acute rheumatic fever or glomerulonephritis. 

If oral therapy is inadequate, resort to parenteral nafcillin sodium. 

After mixing, the oral solution must be stored in a refrigerator. 

Discard any unused portion after one week. 
Supplied: INJECTION (VIALS)—Supplied in vial sizes of 500 mg., 
1 gram, and 2 gram nafcillin sodium as the monohydrate, buffered. 
When reconstituted as recommended, the contents of each vial pro- 
vide, respectively, 2-, 4- or 8-ml. of nafcillin sodium solution 
equivalent per mi. to 250 mg. nafcillin buffered with 10 mg. sodium 
citrate. Film-coated TABLETS—containing nafcillin sodium as the 
monohydrate, equivalent to 500 mg. nafcillin buffered with calcium 
carbonate. CAPSULES—containing nafcillin sodium, as the mono- 
hydrate, equivalent to 250 mg. nafcillin buffered with calcium car- 
bonate. FOR ORAL SOLUTION— Bottle of dry nafcillin sodium as 
monohydrate—powder for reconstitution to provide 100 mi. of 
solution containing nafcillin sodium equivalent to 250 mg. nafcillin 
per 5 ml. 
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Preoperative Oral Antibiotics Reduce Septic Complications 


of Colon Operations: 


Results of Prospective, Randomized, Double-blind Clinical Study 


JAMES S. CLARKE, M.D.,* ROBERT E. CONDON, M.D.,t JOHN G. BARTLETT, M.D.,t SHERWOOD L. GORBACH, M.D.,§ 
RONALD L. NICHOLS, M.D.,| SHIGERU OCHI, PH.D. with the collaboration of Gregary H. Cross, Capt. M.C. U.S.N. 
H. Earl Gordon, M.D., Herbert Greenlee, M.D., George L. Irvin, Ill, M.D., Willard C. Johnson, M.D., 

Paul H. Jordan, Jr., M.D., Marvin Kaplan, M.D., Sergio Mandiola, M.D., William J. Schulte, M.D., 
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The effectiveness of short-term, low-dose, preoperative oral 
administration of neomycin and erythromycin base combined 
with vigorous purgation in reducing the incidence of wound 
infections and ather septic complications of elective colon and 
rectal operations has been studied in a prospective, ran- 
domized, double-blind, clinical trial. One hundred and six- 
teen patients completed the study; all received mechanical 
preparation; 56 received neomycin-erythromycin base while 60 
received an identical appearing placebo. The two patient 
groups were comparable in age distribution, clinical diag- 
noses, associated systemic diseases, types of operation per- 
formed and similar clinical features. The overall rate of 
directly related septic complications was 43 per cent in the 
placebo group and 9% in the group receiving neomycin 
and erythromycin base. The wound infection rates were 
35% in placebo and 9% in ‘antibiotic treated patients. Oral 
administration of neomycin and erythromycin base together 
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From the Surgical Services of the Hines, Houston, . 
Jamaica Plain, Long Beach, Miami, North Chicago, 
Sepulveda, Wadsworth and Wood Veterans 
Administration Hospitals and the United States 
Naval Hospital, Great Lakes 

United States Veterans Administration Hospitals 





with vigorous mechanical cleansing reduces the risk of septic 
complications after elective colo-rectal operations. 


T HE COLON LUMEN contains an abundant reservoir 


of pathogenic bacteria which normally*are ex- 
cluded from the body by mucous membrane. If the 
mucous membrane barrier is disturbed, bacteria may 
escape to infect the peritoneal cavity or to invade 
other tissues which may produce serious infection. 
The infectious morbidity associated with colorectal 
operations has led surgeons to seek reliable control 
of the source of these infections by means of preopera- 
tive colon preparation. 

The components of colon preparation for elective 
operations include mechanical preparation to remove 
gross feces and the administration of antibiotics. The 
need for mechanical preparation is accepted by 
nearly all surgeons. While mechanical preparation 
alone does not reduce the concentration of residual 
microorganisms in the colon at the time of opera- 
tion,’°! jt does reduce the total numbers of bac- 
teria and has been thought to lower wound infection 
risk. The administration of preoperative oral anti- 
biotics has been a controversial subject, primarily 
because many studies were poorly controlled, and 
because some oral regimens failed to show efficacy 
or it was felt that the risk of antibiotic exposure to 


, 
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both the host and hospital flora outweighed any poten- 
tial benefit. 

Despite controversy, a recent survey showed that 
preoperative oral administration of a combination of 
neomycin-erythromycin base is a widely uséd method 
of bowel preparation for elective colon surgery in 
the United States. Previous reports have shown 
this antibiotic regimen reduces concentrations of colon 
bacteria, but a significant reduction in post opera- 
tive septic complications has not been documented 
due to inadequate numbers of patients studied." 

It was important that the clinical efficacy, or lack 
of it, of the widely used neomycin-erythromycin 
base method of bowel preparation be established. 
To accomplish this, we organized a large scale, 
double-blind, randomized, controlled trial which was 
conducted cooperatively in ten hospitals throughout 
the country. The study demonstrated that the use of 
oral neomycin-erythromycin base for colon prepara- 


tion was superior to mechanical preparation of the ; 


colon alone. 


Methods 


The study was organized as a Cooperative Studies 
Project supported by research funds of the Veterans 
Administration. The participating hospitals were VA 
hospitals at Jamaica Plains (Boston), Miami, Wood 
(Milwaukee), North Chicago, Hines (Chicago), Hous- 
ton, Sepulveda, Wadsworth (Los Angeles) and Long 
Beach, and the U.S. Naval Hospital, Great Lakes. 


Patient Selection and Admission to Study 


All patients undergoing elective colo-rectal opera- 
tions in participating hospitals were screened as 
possible candidates. Criteria. for exclusion were: 
emergency or urgent operations with insufficient 
time to complete the bowel preparation; antimicrobial 
drug administration within one week prior to operation 
(exceptions: nitrofurantoin, mandelamine, naladixic 
acid); intestinal obstruction which precluded mechani- 
cal preparation; an existing colostomy or ileostomy 
(alters microbial flora); ulcerative or transmural (re- 
gional) colitis. Patients considered to be suitable for in- 
clusion in the study were interviewed by the Principal 
Investigator and Nurse-Epidemiologist, who explained 
the objectives and methods of the study and solicited 
informed consent to participate. Some patients were 
excluded on the advice of their surgeon or because 
they declined to participate (Table 1). 


Stratification and Randomization 


Infection rates of 20% for patients receiving placebo 
atid. 10% for patients receiving antibiotics were 
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projected at the initiation of the study. Alpia and 
beta risks of 0.05 were accepted and the study ininally 
was projected to include 287 patients. 

Surgeons were asked to predict preoperatively the 
type of operation to be performed, grouped into 
three categories: ileocolostomy, colo-colostomy, ab- 
domino-perineal resection. Within each of these strata 
at each participating hospital, antibiotics or placebo 
were assigned on a random basis; equalization of 
treatment was made every six assignments. Drug and 
placebo were formulated to have an identical appear- 
ance and were dispensed by the VA Central Research 
Dispensing Pharmacy in containers labeled only by 
code number so that all participants in the study were 
blinded. 


Mechanical Preparation 


All patients received mechanical preparation by the 
purgation and enema regimen recorded in Table 2. A 
clear liquid diet was used throughout the three day 
preparation in most patients and was utilized ex- 
clusively in some hospitals. Inadequate technical con- 
duct of the cleansing enemas was a problem in some 
hospitals initially; a standardized, modified ‘‘three- 
position" enema technique then was instituted at all 
participating hospitals." One patient was excluded be- 
cause of inability to complete the preparation. 


Antibiotic Preparation 


Neomycin, one gram, and erythromycin base one 
gram, or identical appearing placebo, were adminis- 


TABLE 1. Summary of Patients Considered for Study 


407 
240 


Total number of patients screened 
Patients excluded without randomization 
Not elective 
Recent antibiotic therapy 
Obstructed, unable to prepare 
Pre-existing colo-/ileostomy 
Ulcerative or transmural colitis 
Other reasons 
Surgeon refused participation 
Patient refused participation 6 
Patients randomized 
Excluded Preoperatively 
Couldn't complete bowel prep 1 
Surgery postponed or withdrew 4 
Surgery postponed and rerandomized 14 
Excluded Postoperatively 
Antimicrobials given 1 
Observation period too short 
Resection or colostomy not performed 
Drain thru incision 
Drug error 
Tap water enema 
Duodenal procedure 
Surgical technique error 
Evaluable patients completing study 


167 


emee ND BON 


116 
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TABLE 2. Bowel Preparation Regimen 
Pre-óp Day 3: Minimum residue or clear liquid diet 
i Bisacodyl, 1 capsule orally at 6 p.m. 
Pre-op Day 2: Minimum residue or clear liquid diet 
Magnesium sulfate, 30 ml., 50 per cent solution (15 
gm) orally at 10:00 a.m., 2:00 p.m. and 6:00 p.m. 
First enema at 7:00 p.m. Second enema at 8:00 p.m. 
Third and subsequent enemas continued hourly, as 
necessary, until no solid feces returned with the 
last enema. 
Pre-op Day I: Clear liquid diet 


Supplemental IV fluids as needed 

Magnesium sulfate, in dose above, at 10:00 a.m. 
and 2:00 p.m. 

Neomycin sulfate (1.0 gm) and erythromycin base 
(1 gm), or placebo, orally at 1:00 p.n., 2:00 p.m. 
and 11:00 p.m. 

No enemas 


Operation Day: Patient evacuates rectum at 6:30 a.m. Operation is 
Scheduled for 8:00 a.m. 





tered orally during the afternoon and evening of the 
preoperative day (Table 2). No patient received other 
antibiotics either parenterally or locally during the 
preoperative or intra-operative period. Side effects 
which have been attributed to antibiotic administration 
(epigastric distress, nausea, vomiting) occurred in six 
of 57 patients actually receiving antibiotics and in three 
of 60 patients receiving placebo. 


Operative Technique 


Operations were performed by residents in training 
supervised by attending surgeons. Although maximum 
latitude in technical details of conducting the colon 
operation were felt to be desirable, certain restrictions 
were imposed to reduce variables. All anastomoses 


... were conducted in two layers using open technique; 


the external seromuscular sutures were of non-ab- 
sorbable material. Intra-peritoneal drains, if used, were 
brought out through separate incisions; subcutaneous 
drains were forbidden. Fascia was closed with non- 
absorbable suture. The skin and subcutaneous tissues 
of the main operative wound were closed in every in- 
stance. In the case of abdomino-perineal resections, no 
restrictions were placed on management of the perineal 
wound since the evaluation of efficacy in relationship 
to the occurance of wound infections was limited to 
the abdominal wound. 


Postoperative Observations 


Patients were visited daily by the Nurse-Epidemiolo- 
gist who recorded the status of the wound (Table 3), the 
highest temperature during the preceeding 24 hour 
period, and any evidence of septic complications. Post- 


~ operative prophylactic administration of antibiotics 
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was interdicted, but antibiotic administration was al- 
lowed to treat documented infectious complications 
which were recorded in the chart prior to administra- 
tion of antimicrobial agents. 


Postoperative (Post-randomization) Exclusions 


Patients in whom the protocol was violated pre- 
operatively or intraoperatively were excluded from 
evaluation. Also excluded were patients in whom 
clinical evidence of septic complications was absent 
but the original wound was not available for seven days 
of observation because of early re-operation (Table 1). 
Each case was reviewed individually by the Executive 
Committee, who were blinded to the treatment re- 
ceived by the patient, to assure unbiased and legitimate 
exclusion of postoperative patients. 


Microbiologic Monitoring 


Eight of the participating hospitals had research 
bacteriology laboratories which participated in micro- 
biological monitoring. Four types of specimens were 
processed: colonic contents obtained at operation, a 
wound irrigation specimen obtained at the time of 
closure, exudate from infections directly related to the 
operation, and a postoperative stool specimen. Co- 
Ionic contents were obtained in a manner previously 
described! to determine the impact of the antimicrobial 
preparation on the fecal flora. Wound irrigation speci- 
mens were taken upon completion of fascial closure 
but before subcutaneous and cutaneous wound closure 
to determine the validity of wound bacteriology in pre- 
dicting subsequent wound infection. Intraluminal and 
wound irrigation specimens were transported promptly 
to the laboratory in tubes containing oxygen-free gas. 
Quantitative cultures were performed using serial dilu- 
tions plated onto a number of media for incubation in 
aerobic and anaerobic conditions. A fecal specimen 
was obtained five or more days postoperatively for 
quantitative aerobic culture to detect in-growth of 
selected strains such .as Staphylococcus aureus, 
aminoglycoside-resistant Gram-negative bacilli and 
fungi. 


TABLE 3. Wound Scoring by Nurse-Epidemiologist 





Score Criteria 
I No signs of sepsis 
2 Erythema, swelling or excessive pain or tenderness in 
wound; wound not opened 
3 Same as score 2 but wound is opened, spontaneously or 


by the surgeon; no pus in wound 


Pus visible in wound 
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TABLE 4. Outcome Scores to Rank Septic Complications 
Score 


] Death due to a septic complication related to the operation. 


Septicemia related to the operation. 


UJ 


Intra-abdominal abscess or generalized purulent perito- 
nitis. 


Wound infection with visible pus. 
An open wound without pus. 
Septicemia of undetermined origin. 
Other known infection. 


Fever of unknown origin. 


O 00 N C ta A 


Erythema of the wound. 


10 No signs of any infection. 


Bacteriological studies in the research laboratories 


of other postoperative clinical specimens was restricted . 


to blood cultures of suspected bacteremia and exudate 
from cases of intra-abdominal sepsis or wound infec- 
tions. Specimens from infections not related directly 
to the operation, i.e., sputum, intravenous lines, urine 
etc., were processed by the routine clinical laboratory. 


Recording and Evaluation of Data 


Clinical data was recorded as it accrued on forms 
designed to facilitate transfer to key-punch cards. 
The actual operation performed was classified as: a) 
intraperitoneal anastomosis, b) extraperitoneal anasto- 
mosis, c) abdomino-perineal resection, d) other. Upon 
completion of all required observations made during 
30 days postoperatively, the data forms were forwarded 
to the office of the Study Co-Chairman. Microbiologic 
‘data was recorded as it accrued but without knowledge 
of the clinical outcome and then was forwarded to the 
office of the Study Co-Chairman. The Study Co-Chair- 
man, without knowledge of whether antibiotic or 
placebo had been administered to the patient, reviewed 
the data forms to determine conformance with the 
protocol. 

The Study-Co-Chairman (Surgery), the Co-Chair- 
man (Microbiology), and the Biostatistician inde- 
pendently and blindly then assigned an outcome code 
to each case using a rank-order table (Table 4). The 
Co-Chairmen used all clinical information available to 
them in this determination; the Biostatistician utilized 
a computer algorithm to determine an outcome score. 
Any discrepancies in outcome ranking were resolved 
by discussion in the Executive Committee. All data 
were transferred to punch cards and stored in a com- 
„puter for later retrieval. 

Statistical evaluation of results was done by two 
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methods. The ranked septic complications scores 
(Table 4) for the placebo and antibiotic treatment 
groups were compared overall and within each opera- 
tion strata by the non-parametric Wilcoxon two- 
sample rank test. In addition, the occurrence of major 
septic complications directly related to the operation 
(scores 1—4, Table 4) was compared with all other 
results (Scores 5-10, Table 4) in the placebo and 
antibiotic treatment groups using the Chi-square test. 
The results of these evaluations are recorded in Table 6. 
Elsewhere in this report, whenever a statement indi- 
cates the presence of a difference, the evaluation has 
been done using the Chi-square or the Fisher exact 


TABLE 5. Patient Characteristics in the Two Treatment Groups 


Neo- 
Control . Erythromycin Total 
Mean age (yrs) 63.5 ` 61.3 
Mean height (in.) 68.5 68.2 
Mean weight (Ibs) 164.6 162.1 
Major illnesses (no. of 
patients) 
Diabetes 4 5 9 
Liver disease 9 6 15 
Immune deficiency 0 0 0 
Malnutrition 3 1 4 
Renal insufficiency 1 1 2 
Other (one dx each) 27 23 50 
Preoperative colonoscopy 26 30 56 
Preoperative radiation 
therapy 5 4 9 
Bowel prep problems 
Nausea 1 3 4 
Vomiting 1 1 2 
Epigastric distress 1 2 3 
Cramps 2 0 2 
Dehydration 2 0 2 
Postoperative diagnoses 
Cancer 43 35 78 
Diverticulitis 5 5 10 
Adenomatous polyps 2 7 9 
Villous adenoma 3 3 6 
Sigmoid volvulus 3 2 5 
Other (one dx each) 4 4 8 
Iniraoperative complications 
Gross contamination 5 1 6 
Hypotension 0 2 2 
Excessive blood loss 4 4 8 
Dther 3 5: 8 
Surgical technique 
Mean operation time (hrs) 3.9 3.7 
Changed prior to closure: 
Drapes 21 14 35 
Gowns 27 19 46 
Gloves 46 43 89 
Instruments 35 31 66 
Drains: 
Penrose 7 6 B 
Suction 14 13 27 
Other 0 1 1 
Drain location: : 
Abdominal 7 9 16 
Perineal 14 11 25 
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TABLE 6. Septic Complications Related to Colo-Rectal Operations 

Abscess/ Total Wilcoxon Chi- 

Operation Treat- No. Wound Perito- — Anastomotic Leak Septi- Septic | Two-sample square 

Strata ment Patients Infection nitis Major Minor cemia Death  Patients* Rank Testf Testi 

Intraperitoneal Placebo 35 10 6 3 2 1 0 12 0.002 0.003 

Antibiotic 33 5 2 1 0 1 0 5 

Extraperitoneal Placebo 10 4 3 4 1 4 i 5 0.012 0.179 
Antibiotic 6 0 0 0 1 0 0 0 

A-P resection Placebo 13 7 1 0 0 1 1 9 0.003 0.004 
Antibiotic 12 0 0 0 0 0 0 0 
Other Placebo 2 0 0 0 0 9 0 0 
Antibiotic 5 0 0 0 0 0 0 0 

Total Placebo 60 21 10 7 3 6 2 26 0.0001 0.001 
Antibiotic 56 5 2 1 1 1 0 5 





* Some patients developed more than one septic complication but are counted only once in this column. 
T P values for difference in all septic complications between treatment groups with each patient assigned a weighted score (see Table 4). 
t P values for difference between treatment groups in those septic complications directly related to the colo-rectal operation and all 


other outcomes. 


tests in which p-values of 0.05 or less have been 
interpreted as indicating a significant difference. 
Because of concern that the clinical outcomes in pa- 
tients receiving placebo might be adverse, it was the 
desire of all participating investigators that the study be 
terminated as soon as a reliable conclusion was avail- 
able. To this end, a committee of outside experts, the 
Operations Committee, intermittently reviewed data as 
it accrued. Unblinded data was available to the Opera- 
tions Committee but not to participating investigators. 
The Operations Committee agreed on criteria for early 
-stopping of the study at its first meeting. The decision 
made was to stop the study if either the Wilcoxon two- 
sample rank test resulted in p « 0.015 (two-tailed test) 
or the Chi-square test resulted in p « 0.05. The lower 
^> p-value for the more sensitive test was based upon the 
projected need to test for significance each six months, 
resulting in multiple looks at the data. 


Results 


The study was stopped by the Operations Committee 
after data had become available on 99 patients who 
satisfactorily completed the study. This action was 
taken because a reliable conclusion had been reached. 
Additional patients who were already entered into the 
protocol had observations and evaluations completed, 
resulting in a total of 116 evaluable patients. Of 
these, 56 received neomycin-erythromycin base and 60 
recieved the placebo. 

The age distribution, types of operations, clinical 
diagnoses and incidence of associated systemic dis- 
eases were similar in the two treatment groups (Table 
5). The most frequent diagnosis in each group was 


carcinoma. The types of operations conducted also are 
similar in the two treatment groups. 

The bowel preparation was rated after operation as 
adequate in 35/58 placebo and 45/56 antibiotic treated 
patients (p « 0.05); in two instances, no statement 
about mechanical preparation was recorded. The most 
frequent reason for judging the mechanical prepara- 
tion as "inadequate'"' was the presence of fluid in the 
rectum; in ten patients, residual solid fecal matter also 
was encountered. 


Septic Complications Directly Related to the Colo- 
rectal Operation 


The overall rate of directly related septic compli- 
cations was 43% in the placebo group and nine per cent 
in the antibiotic group. Specific types of septic compli- 
cations classified by operative strata are recorded in 
Table 6. 

Statistical evaluation of results by Chi-square analy- 
sis showed a highly significant reduction in septic com- 
plications with antibiotic treatment compared to 
placebo (p « 0.001). Differences also are noted when 
the data are stratified for the three major types of 
operations. Although statistical significance was not 
achieved with extra-peritoneal anastomoses, a trend 
is noted. 

A nonparametric method of statistical analysis also 
was used to compare the antibiotic and placebo groups 
for complications weighted according to rank score 
(Table 4). Using the Wilsoxon two-sample rank test, 
differences favoring antibiotic preparation are signifi- 
cant in each operation strata. There was a significant. 
difference in results in one hospital where the inci- 
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TABLE 7. Non-specific Postoperative Infectious Complications 


Number of Patients 


Neo- 
Complications Placebo Erythromycin Total 

Extraoperative site 

Pulmonary 7 3 10 

Urinary tract 18 5 23 

I.V. catheter 5 2 7 

Perineal wound 6 2 8 

Acute pharyngitis 1 0 1 

Acute otitis media I 0 1 

Splenectomy, subphrenic 

abscess 0 1 1 

Fever of unknown origin 11 17 
Septicemia 

Not from operative site 3 I 4 

Unknown cause 4 0 4 


dence of infectious complications favored the anti- 
biotic treatment more than in the other hospitals. 
Analyses excluding this hospital, however, resulted in 
the same conclusions for the remaining hospitals. 
But, excluding this one hospital no longer provided a 
difference as discussed below in cases of intra- 
abdominal abscess. 

Wound infections. The wound infection rate was 
35% among placebo patients and nine per cent in 
antibiotic treated patients (p < 0.002). Nearly all 
wound infections were due to fecal flora. In only three 
instances (two placebo, one antibiotic) were staphylo- 
coccal organisms the predominant wound pathogens. 

Intra-abdominal Abscess and Peritonitis. These 
complications occurred in 12 patients: ten in the 
placebo group and two in the antibiotic group (p 
< 0.05). While overall experience with other complica- 
tions was comparable among all hospitals, three of the 
abscess cases at one hospital were in the placebo 
group and none in the antibiotic group. When these 
cases are omitted, the difference between treatment is 
not significant for the remaining hospitals. 

Septicemia. Blood stream invasion by bacteria oc- 
curred in seven patients (six placebo, one antibiotic), 
usually in association with a wound infection or an 
intra-abdominal abscess. Bacteroides fragilis produced 
septicemia in four placebo-treated patients; other 
species of Bacteroides were responsible for septicemia 
in one placebo-treated and one antibiotic-treated pa- 
tient each. Thus, septicemia was a predominant prob- 
lem among placebo-treated patients and was due to a 
Bacteroides organism in six of the seven instances of 
this complication. 

Anastomotic disruption. Twelve patients developed 
an anastomotic disruption; six of these involved an 
extraperitoneal anastomosis. Anastomotic disruption 
did not appear to be related to patient age or to pre- 
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operative radiation therapy. The anastomotic leak was 
a clinically minor problem in four patients (three 
placebo, one antibiotic), being noted only on post- 
operative barium enema examination and not requir- 
ing any treatment or leading to stenosis of the anasto- 
mosis. In eight patients, however, the anastomotic dis- 
ruption was associated with a fecal fistula which 
drained either via the abdominal wound or through a 
drain site and was accompanied by an intraabdominal 
abscess. Early re-exploration and diverting colostomy 
was required in management in four patients. 

Since anastomotic. disruption may be viewed as a 
technical fault adversely affecting the incidence of 
postoperative septic complications, we also have 
analyzed our data with such patients excluded. In 
the 104 patients not suffering anastomotic disruption, 
19 of 53 treated with placebo and three of 54 receiving 
neomycin-erythromycin base developed septic compli- 
cations related to the operation (p < 0.0002). 

Mortality. Two deaths, both in placebo-treated 
patients, were directly related to septic complications 
of the colon operation. Three other patients (two 
placebo, one antibiotic) who had had a septic compli- 
cation following their colon operation also died; how- 
ever, the postoperative infection in these patients did 
not lead directly to death. An additional three patients, 
all of whom had received placebo, also died postopera- 
tively without having developed any septic complica- 
tion. Thus, in all, eight patients died postoperatively 
(seven placebo, one antibiotic). 


Septic Complications Not Directly Related to the Colon 
Operation 


Other postoperative infectious complications, 
chiefly involving the respiratory and urinary tracts, 
occurred in 29 of 60 placebo treated patients and ' 
11 of 56 neomycin-erythromycin base treated patients 
(p « 0.003). Details of these infectious complications 
are recorded in Table 7. 


Microbiologic Observations 


Quantitative cultures of the colon contents at the 
time of operation in 91 patients confirmed the earlier 
observations of Nichols and colleagues!" that pre- 
operative administration of neomycin-erythromycin 
base effectively reduces the concentration of micro- 
organisms remaining in the colon at the time of opera- 
tion (Table 8). 

Cultures of the subcutaneous wound obtained dur- 
ing closure showed three distinctive bacteriological 
patterns: no growth, skin flora (primarily Sraphylo- 
coccus epidermidis and Propionibacterium acnes) and 
colonic flora (primarily coliforms and Bacteroidaceae). 
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Only specimens yielding colonic flora were considered 
in this analysis. Results showed a significant decrease 
in the incidence of positive cultures among recipients 
of the antibiotic preparation, but there was no correla- 
tion between positive cultures and subsequent wound 
infection. 

No patients developed persisting diarrhea or clinical 
evidence of colitis postoperatively. Examination of the 
first postoperative stool demonstrated no increase in 
recovery of Staphylococcus aureus, neomycin-re- 
sistant Gram-negative bacilli or fungi in the antibiotic 
treated patients compared to those who received 
placebo. Details of the microbiological observations 
made during this clinical investigation will be the sub- 
ject of another report. 


Discussion 


The present study represents a prospective, ran- 
domized, double-blind investigation of bowel prepara- 
tion with oral neomycin plus erythromycin base com- 
pared to placebo in 116 patients undergoing elective 
colon and rectal operations. Results showed that the 
oral antibiotics significantly reduced the incidence of 
postoperative septic complications. The prophylactic 
regimen utilized a large priming dose of antibiotics 
administered just 19 hours preoperatively. The objec- 
tive of using the large initial dose is to provide maxi- 
mum impact on the fecal flora with a minimum dura- 
tion of drug exposure. This relatively brief course is 
desirable in order to minimize the emergence of resis- 
tant strains. 

Although the timing of antibiotic administration was 
chosen initially on an arbitrary basis, recent data? 
has demonstrated that this schedule produces high con- 
centrations of erythromycin in the colonic lumen and 
in serum during the operation. Results in the pres- 
ent study showed that the erythromycin-neomycin 
preparation produced a 4—5 log decrease in concen- 
trations of both aerobes and anaerobes in the colonic 
lumen compared with the placebo group. 

The fact that fewer patients receiving antibiotic 
preparations were recorded as having postoperative 
infections not directly related to the operation may 
be a favorable effect of drug administration. However, 
this observation may represent an artifact of selection. 
Placebo patients post-operatively developed more in- 
fectious complications of all types directly related 
to the colo-rectal operations. As a result, more thor- 
ough examination of these patients was made to deter- 
mine other possible sources of infection. 

In the past, numerous clinical studies have reported 
a variety of antimicrobial agents used for colon prepara- 
tion. Most of these studies have been retrospective and 
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TABLE 8. Bacterial Concentrations of Colon Contents 
Obtained During Operation 





Placebo Antibiotic 

(47 Specimens) (44 Specimens) 

Aerobic bacteria 70 + 0.2* 32-04 — 
Anaerobic bacteria 8.8 + 0.2 3.7 € 0.4 





* Expressed as logy, CFU/ml + 1 SEM. 


uncontrolled.” More recently, Washington, Judd and 
colleagues!$ reported a controlled clinical trial in 
which neomycin alone and neomycin-tetracycline were 
compared with placebo in patients undergoing elective 
colon operations. Major infectious complications 
(wound infection, peritonitis, septicemia, fecal fistula) 
occurred in 38 of 68 patients receiving neomycin 
alone, 5 of 65 receiving neomycin plus tetracycline 
and 43 of 63 patients receiving placebo. The combina- 
tion of neomycin and tetracycline, but not neomycin 
alone, significantly reduced the incidence of infectious 
complications in colon operations in that study. The 
fact that about half of all strains of Bacteroides 
fragilis, a major fecal pathogen, are now resistant to 
tetracycline limits the future applicability of the neo- 
mycin-tetracycline combination in oral prophylaxis for 
colo-rectal operations. 

Goldring and colleagues? completed a controlled trial 
in 50 patients undergoing elective colon operations 
comparing metronidazole plus kanamycin to placebo. 
Eleven out of the 25 controls, but only two of 25 anti- 
biotic-treated patients, developed postoperative 
wound infections. In all 11 placebo-treated patients 
developing a postoperative wound infection, the or- 
ganisms causing the wound infection were similar to 
those found in the colon, while in the two patients 
in the antibiotic group developing postoperative wound 
infections, the infections were due to Staphylococcus 
and, apparently, were unrelated to the colon. It should 
be noted that metronidazole generally is considered in 
this country to be an unacceptable drug for prophylac- 
tic use unti] the issue regarding its potential carcino- 
genicity is resolved. 

Parenteral administration of cephalosporins has been 
demonstrated in some studies,'*-15 but not all,? to be 
associated with a reduction in the incidence of septic 
complications following colo-rectal operations. Others 
have found parenteral lincomycin alone? or in combina- 
tion with an aminoglycoside“ to be effective. Although 
parenterally administered antibiotics may be effective, 
we prefer oral agents. Oral administration permits 
use of poorlv absorbed drugs which minimizes the risk 
of systemic drug-related reactions, and permits utiliza- 
tion of antibiotics which, should resistance develop, 
are seldom required for treatment of serious infections. 
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Additionally, agents which are effective orally are 
less expensive than parenterally administered anti- 
microbials. 

Mechanical cleansing of the colon without con- 
comitant administration of antimicrobial drugs has now 
been shown in three separate studies (present report)*16 
to be associated with a significantly increased risk of 
wound infection compared with antibiotic treated pa- 
tients. Future reliance on mechanical cleansing alone 
to prepare patients for elective colon resection ap- 
pears to be unwarranted. A warning also should be 
made concerning the use of single oral antibiotic 
agents in colon preparation. It is apparent from the 
results of the present investigation that neomycin 
combined with erythromycin base is effective in reduc- 
ing postoperative septic complications. Other studies 
also have shown the efficacy of an oral aminoglyco- 
side combined with either tetracycline!$ or metroni- 
dazole. However, an aminoglycoside or a sulfona- 


mide, alone'$ or in combination, does not reduce : 


postoperative septic complications as effectively and 
should not be preferred for future use. Finally, this 
study and the other reports cited!?7? regarding 
erythromycin, uniformly have utilized the enteric 
coated base formulation. To our knowledge, other 
formulations of erythromycin have not been adequately 
evaluated in bowel preparation for elective colon 
operátions. 


References 


1. Bentley, D. W., Nichols, R. L., Condon, R. E. and Gorbach, 
S. L.: The Microflora of the ‘Human Ileum and Intra-ab- 
dominal Colon: Results of Direct Needle Aspiration at 
Surgery and Evaluation of the Technique. J. Lab. Clin. Med. 
79:421, 1972. 


CLARKE AND OTHERS 


Ann. Surg. e September 1977 


2. Brote, L., Gillquest, J. and Hojer, H.: Prophylactic Cephalothin 
in Gastrointestinal Surgery. Acta Chir. Scand., 142:238, 1976. 

3. Condon, R. E.: A Survey of Elective Bowel Preparation Prac- 
tices. Dis. Colon Rectum, submitted for publication. 

4. Evans, C. and Pollock, A. V.: The Reduction of Surgical 
Wound Infections by Prophylactic Parenteral Cephaloridine. 
A Controlled Clinical Trial. Br. J. Surg., 60:434, 1973. 

5. Goldring, J., Scott, A., McNaught, W. and Gillespie, G.: 
Prophylactic Oral Antimicrobial Agents in Elective Colonic 
Surgery. Lancet, 2:997, 1975.: 

6. Grant, R. B. and Barbara, A. C.: Preoperative and Post- 
operative Antibiotic Therapy in Surgery of the Colon. 
Am. J. Surg., 107:810, 1964. 

7. Hammer, L. G., Sawyer, J. G., Monica, S. and McKnight, J.: 
The Three-Maneuver Enema. Am. J. Nurs. 62:72, 1962. 

8. Keighley, M. R. B., Crapp, A. R., Burdon, D. W., et al. Pro- 
‘phylaxis Against ‘Anaerobic Septis i in Bowel Surgery. Br. J. 
Surg., 63:538, 1976. - 

9. Nichols, R. L. and Condon, R. E.: Preoperative Preparation 
of the Colon. Surg. Gynecol. Obstet., 132:323, 1971. 

10. Nichols, R. L., Condon, R. E., Gorbach, S. L., and Nyhus, 

' L: M.: Efficacy of Preoperative Antimicrobial Preparation of 
the Bowel. Ann. Surg., 176:227, 1972. 

11. Nichols, R. L., Broido, P., Condon, R. E., et al: Effect of 
Preoperative "Neomycin-Erythromycin Intestinal Preparation 
on the Incidence of Infectious Complications Following 
Colon Surgery. Ann. Surg., 178:453, 1973. 

12. Nichols, R. L., Condon, R. E. and DiSanto, A. R.: Erythro- 
mycin Base Serum and Fecal Levels Following Oral Adminis- 
tration in Preoperative Bowel Preparation. Arch. Surg., 
accepted for publication. 

13. Polk, L. C. and Lopez-Mayor, J. F.: Postoperative Wound 
Infection: A Prospective Study of Determinant Factors and 
Prevention. Surgery, 66:97, 1969. 

14. Stokes, E. J., Waterworth, P. M., Franks, V., et al.: Short 
Term Routine Antibiotic Prophylaxis i in Surgery. Br. J. Surg., 
61:739, 1974. 

15. Stone, H. H., Hooper, C. A., Kolb, L. D., et al.: Antibictic 
Prophylaxis in Gastric, Biliary and Colonic Surgery. Ann. 
Surg., 184:443, 1976. 

16. Washington, J. A., Dearing, W. H., Judd, E. S. and Elvebach, 
L.: Effect of Preaperative Antibiotic Regimen on Develop- 
mént of Infection After Intestinal Surgery: Prospective, 
Randomized, Double-Blind Study. Ann. Surg.. 180:567, 
1974, 

I7. Yale, C. E. and Peet, W. J.: Antibiotics in Colon Surgery. 
Am. J. Surg., 122:787, 1971. 





DISCUSSION 


Dr. CLARENCE Dennis (State University of New York at Stony 
Brook, New York): There is sometimes more than one road to a 
desired end. I was perplexed as to whether these operations were 
done with the performance of open anastomoses or closed 
anastomoses. At the risk of repeating myself over a discussion that 
I made two or three years ago, I'd like to show three slides. 

(Slide) The first of these is an experimental observation that was 
made 30 or 35 years ago on open versus closed anastomoses 
after obstruction of the terminal ileum for four days in dogs. I think 
that it is clear that unsatisfactory anastomoses occurred in half 
of the open, and in only six per cent of the closed. I know the 
numbers are small, but they still seém to stand up ifa statistician 
looks at them. 

In mortality at the University of Minnesota in clinical patients 
with strangulating obstrüction there was a similar difference in. the 
incidence cf complications. To show that this is not a purely regional 
observation, this observation (slide) of Max Gaspar, from Los 
Angeles, indicates that there is a similar advantage to doing a closed 
anastomosis in the clinical situation. 


(Slide) Finally, if one looks at our past-President’s work, Dr. 
Altemeier’s data, with regard to implants on closed anastomoses 
versus open in experimental animals, there is an additional 
advantage in doing the closed anastomosis. But I bring this matter 
up not so much to mention the implant matter as the fact that 
Dr. Altemeier has a.very interesting study in which he uses no 
intraluminal antibiotics and has a much lower incidence of infections 
than reported in the favorably reported group in the present study. 
' I would like to ask Dr. Condon if it would be possible to 
break down’ the cases reported here so as to make a comparison 
between the anastomoses done by the open technique and those dene 
by the closed? 


Dr. E. Jonn HiNcHEY (Montreal, Quebec): Stimulated by the 
earlier reports of Dr. Condon and Dr. Nyhus, we at the Montreal 
General Hospital carried out a number of in vitro studies of 
different antibiotics and their: effect on the anaerobic flora of the 
gut. Of all the antibiotics we tested, we found that metronidazole 
(Flagyl) had by far the most significant effect. 

We then carried out a perspective, randomized clinical trial testing 
the combination of neomycin and metronidazole versus neomycin/ 
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erythromycin in patients undergoing elective colon surgery. There 
were 40 patients in each group. Ten of the patients in the 
neomycin/erythromycin group developed Grade 3 to 4 wound 
infections, and cultures of all wounds grew enteric organisms. The 
reason for this high incidence of wound infection isn't clear to us. 
No patierits in the neomycin/metronidazole group developed enteric 
wound infection, although two of them developed staphylococcal 
wound infections. 

These studies support the contention that it's the anaerobic 
organisms, especially bactéroides, that are responsible for sepsis 
following colon surgery, and suggest that metronidazole is a 
very effective agent to prevent this. 

In our erythromycin-treated patients we found that there was quite 
a scatter in the reduction of the anaerobes. Some patients had 
a marked reduction; in others there was virtually no reduction in 
the anaerobic counts, compared to the pretreatment specimen. 

I'd like to ask Dr. Condon if this was his finding, or if there 
was, indeed, a uniform redüction in the anaerobic bacteria in 
the erythromycin treated patients? 


DR. WiLLIAM A. ALTEMEIER: I think that the data presented 
unquestionably supports the value and usefulness of antibiotic 
treatment in preventing infection in surgical operations on the colon, 
provided it is used in conjunction with mechanical cleansing of the 
bowel and established surgical techniques. 

I'd like to repeat the question which Dr, Dennis posed: How many 
of these patients had open anastomoses, and how many had 
closed anastomoses? . . 

The data does not settle the question of the relative value of 
systemic antibiotic therapy used prophylactically and the oral 
antibiotic therapy as described in their paper. It would have taken 
a great deal of courage on my part to have withheld antibiotic 
therapy from patients undergoing colon operations, in this day and 
age of malpractice liability. The reason for this is that a randomized 
study done at ten university hospitals in the early forties with 
sulfadiazine and penicillin established a rate of infection in the 
contro! groups of 38%, not unlike the placebo group in the present 
paper. With the use of penicillin and sulfadiazine, the rate of infec- 
tion varied between eight and 1196, an immediate reduction in the 
rate of infection. 

Because of this, the control method of withholding antibiotics 
and antimicrobial agents was discontinued, arid I have personally 
held to the value of antimicrobial therapy in the prophylaxis of 
infections of this type. 

A question I'd like to raise is: Is eight to 11% a low enough 
incidence of infection to be acceptable? By the use of meclianical 
cleansing and systemic antibiotic therapy, started immediately before 
. the operation, continued during the operation, and for 48 hours 

postoperatively, our rate of infection in colon operations is three to 
five per cent, and has been consistently at that level during the 
past eight years. 

I'd like to ask two other questions. Was any systemic antibiotic 
therapy used in these patients during the period of the study? And 
do the authors use routinely a flat film of the abdomen the day 
before operation, to make sure that all retained barium has been 
eliminated, or other feces? Sometimes our older patients have 
difficulty in propelling, even with the help of enemas and other 
medicaments, retained feces and barium, and I find it of very great 
value to know this ahead of time, and to use additional methods 
to remove this from the lower intestinal tract. 

I think the data is well designed, the results are clearcut, and 
the authors have established without any question that one method 
of antibiotic prophylaxis is, of course. valuable and to be rec- 
ommended. 


Dr. ROBERT E. CoNDON (Closing discussion) All of the 
anastomoses which were conducted in this study were done using 
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open technique. While the study was being organized, there was 
considerable discussion about various aspects of operative tech- 
nique. We triéd not to restrict the participating surgeons unduly, 
but we felt that certain variables needed to be controlled, and after 
considerablé argument we elected, or tlie majority of thé group 
imposed thé notion, that all anastomoses would be conducted in 
open fashion; so, we have no data to give you about thé possible 
differences between open and closed technique. 

The organizing committee chose to use an open dnastomosis 
under the impression that a inajority of surgeons throughout thé 
country use open colonic ariastomotic technique in their practice. 

I was very interested in Dr. Hincliey's report of his experience 
with neomycin and metronidazole compared with néomycin and 
erythromycin. I can’t explain his end results. I would raise a 
caution to you about the use of metronidazole. Although it is very 
effective against colonic anaerobes, it carries an incidence of 
hepatotoxicity, and there is some animal evidence that may 
indicate that it is carcinogenic; the FDA is currently very nervous 
about this particular drug. 

I think that in situations where drugs are used prophylactically, 
it is wise tó use those which are least toxic but also effective. 
The combination of neomycin with erythromycin, Dr. Hinchey, did 
reduce both the concentrations.of aerobes and of anaerobes in the 
colon at the time of operation. That data was on the third or fourth 
slide that I presénted to you. The mean concentration of anaerobes 
in the colon at the time of operation in our patients who had 
received neomycin and erythromycin base was 3.7 logs per ml with 
a very tight standard deviation. 

We share Dr. Altemeiér’s concern about withholding antibiotics 
and having a placebo group in this study. After considerable 
discussion we elected to go ahead, primarily becaüse there is a large 
group of surgeons in the country who still use only mechanical 
preparation and no antibiotics in preparing their patients for 
colorectal operations. The other obvious advantage is that it gives 
us a clean result. But, there are now three, arid with Dr. Hinchéy's 
report, four studies I know of that have looked at these issues. 
Three of those studies have used placebo groups, and they have 
all demonstrated a marked reduction in the incidence of wound 
sepsis and other septic complications with antibiotics. I think that 
in the future it will not be possible to conduct this sort of study 
with a placebo group. 

I don't think a septic rate of the order of eight to 11% is low 
enough. Our group has been stimulated to go ahead with another 
study, which currently is looking at systemic administration of 
a cephalosporin compared with oral administration of neomycin and 
erythromycin base compared with a third arm which receives both 
oral and systemic drugs in an attempt to sort some of these issues 
out. 

Systemic antibiotics were prohibited preoperatively. That i is, ifany 
effective agent was given within a week of operation, that was 
grounds for exclusion. Antibiotics were permitted postoperatively, 
but only in thé treatment of a clinically suspected infectious 
complication for which documentation was available on the basis of 
temperature, white count, and appropriate cultural specimens. 
Patients wlio received antibiotics without such indications were 
excluded from consideration. 

We have not used a flat film routinely to determine the 
effectiveness of the bowel preparation. We have evidence from 
past studies that this vigorous purgation regimen is reasonably 
éffective. In this particular group of patients, there were six who 
had some problems witli the mechanical aspect of the preparation 
and were noted by their surgeon to have residual solid fecal 
material at the time of operation. They sorted out five and two 
in the placebo and antibiotic groups. 

There was also, interestingly, a similar number, two and four 
patients, who complairied of side effects that could possibly have 
been related to the antibiotic, although obviously those in the 
placebo group had not gotten such. 
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Forty-three patients (mean age 62 + 1 years) were treated for 
ventricular septal defect (VSD) secondary to myocardial in- 
farction. Whenever possible, operation was postponed until 
six weeks post-onset chest pain. However, hemodynamic in- 
stability, evidenced by cardiogenic shock, refractory pul- 
monary edema, or a rising blood urea nitrogen (BUN) forced 
operation in 21 patients within 21 days post-infarct (Group 
D. In seven patients operation was performed three to six 
weeks post-infarct (Group II) In only eight patients could 
operation be delayed beyond six weeks post-infarct (Group 
III). Clinical deterioration, once begun, progressed rapidly, 
and could be reversed only temporarily by intra-aortic 
balloon pumping, used in 26 patients for safe conduct of 
cardiac catheterization and for peri-operative hemodynamic 
support. Hospital survival was achieved in 24 of the 36 operated 
patients (6676). In Group I patients, ten of 21 survived. In 
Group II, six of seven survived. In Group III, eight of eight 
patients survived. There have been five late deaths with a mean 
follow-up of 41 months in survivors. Improved survival has 
been achieved recently by the greater use of prosthetic ma- 
terial to replace necrotic muscle and by a transinfarct incision 
regardless of infarct location. Operative mortality before 1973 
was 47%; mortality after 1973 was only 18%, with a con- 
comitant reduction of mortality (3076) even in Group I pa- 
tients. 


) UPTURE OF THE VENTRICULAR septum following 
R myocardial infarction is an uncommon, but 
usually catastrophic, event. The mortality of this com- 
plication is very high: 50% of these patients die within 
one week and about 85% within two months.!*9? The 
dismal prognosis of this subgroup of patients with myo- 
cardial infarction has elicited aggressive surgical inter- 
vention. Subsequent to the initial report of Cooley in 
1957,? numerous cardiac surgeons have contributed to 
the development of surgical principles leading to suc- 
cessful early closure of ventricular septal defects which 
complicate acute myocardial infarction. 1-6810—12-16.20.21 
Extensive reviews of early approaches to this prob- 
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lem have been reported elsewhere.!?:1921 This study 
is designed to supplement these reports by pre- 
senting our total experience with this complication of 
infarction, including early therapeutic failures, tech- 
nical considerations, patients in whom operative inter- 
vention was not used and late results. 


Clinical Material 


Between June of 1968 and March of 1977, 43 pa- 
tients were treated at the Massachusetts General Hos- 
pital with a diagnosis of ventricular septal defect secon- 
dary to myocardial infarction. Most of these patients 
were referred to our hospital because of acute or 
chronic cardiac failure refractory to conventional medi- 
cal therapy. The mean age of this group of patients was 
62 + 1 (SEM) years. There were 24 males and 19 fe- . 
males. A tabulation of these patients is presented in 
Table 1. 


Preoperative Management 


In every patient, an effort was made to postpone 
operation until at least six weeks after the onset of 
chest pain.5 But hemodynamic instability (as evi- 
denced by cardiogenic shock, refractory pulmonary 
edema, rising BUN or prolonged requirement for 
parenteral catechol-amines) forced operative interven- 
tion in 21 patients within three weeks after infarction. 
In seven patients operation was performed between 
three weeks and six weeks after infarction. In only 
eight patients could operation be postponed beyond six 
weeks after infarction. 

Clinical deterioration, once initiated, usually pro- 
gressed rapidly in these patients. This progression 
could be temporarily reversed by insertion of an intra- 


7 
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TABLE 1. 
Days from Current NYHA 
Date of Chest Pain to Location Other Hospital Functional 
Patient # Age Operation Operation Infarction Patch Procedures Survival Classification 
l 69 8/68 20 posterior yes — no — 
2 59 2/69 240 posterior yes — yes III 
3 70 3/69 li posterior yes — no — 
4 70 9/69 13 apical no — yes II 
5 60 11/69 120 posterior yes — yes I 
6 60 1/70 26 anterior no — yes died 1/74 
7 55 5/70 7 anterior no — yes died 11/74 
8 67 none — anterior — — no — 
9 73 3/71 40 apical no — no — 
10 65 S71 98 posterior no MVR* yes died 6/72 
11 63 Tl 7 anterior no 26 no — 
12 58 none — posterior — — no — 
13 62 10/71 8 posterior no CABG no — 
14 56 10/71 49 posterior no CABG yes I 
15 62 3/72 38 posterior no E yes I 
16 54 3/72 11 anterior yes — yes II 
17 65 4/72 7 posterior no CABG no — 
18 63 9/72 71 anterior yes CABG yes I 
19 1 60 none — anterior — — no — 
20 61 12/72 9 posterior no * ^ mno — 
21 65 173 1 anterior no — no — 
22 55 5/73 5 posterior no CABG no — 
23 48 9/73 4 apical no — yes I 
24 50 10/73 24 anterior no CABG yes H 
25 62 12/73 5 posterior yes — yes died 1/77 
26 73 none — posterior — — no — 
27 61 1/74 6 anterior no — no — 
28 66 4/74 12 posterior yes MVR* yes II 
29 66 5/74 16 anterior no CABG yes I 
30 60 none — anterior — — no — 
31 66 none — anterior — — no - — 
32 63 11/74 61 anterior no — yes I 
33 65 none — anterior — — no — 
34 69 1/75 7 anterior no — no — 
35 54 175 34 apical no T yes II 
36 60 3/75 16 posterior yes — yes H 
37 52 3/75 22 anterior yes — yes I 
38 73 9/75 110 posterior no — yes II 
39 66 10/76 49 posterior yes CABG yes I 
40 44 11/76 30 anterior no — yes died 12/76 
41 67 12/76 12 posterior no — ` no died 2/77 
42 70 .12/76 12 anterior no — yes II 
43 63 2/77 6 apical no CABG yes II 


CABG = coronary artery bypass graft. 
MVR = mitral valve replacement. 





* A significant coronary occlusion in an area other than that of the primary infarct was not bypassed. 
Coronary angiography was not performed in cases 1, 9, 19, 21, 26, 30, 31 and 33. 


aortic balloon pump (Fig. 1). The balloon provided 
hemodynamic stability during the time necessary for 
cardiac catheterization, but further deterioration of the 
patient's clinical status usually ensued. The balloon 
pump, then, was important, not as definitive therapy, 
but as an adjunct which allowed cardiac pathology to 
be safely ascertained before operation and which pro- 
vided hemodynamic support in the peri-operative per- 
iod. After March of 1971, the intra-aortic balloon pump 
was used for this purpose in 26 patients. 

Coronary angiography was not performed in those 
patients seen prior to March of 1971, but right heart 


catheterization was used to confirm the diagnosis of 
ventricular septal defect. After March of 1971, the 
diagnosis of ventricular septal defect was often con- 
firmed in the coronary care unit by using a Swan-Ganz 
balloon tip catheter to perform right heart catheteriza- 
tion. Coronary angiography was then performed in 28 
of the 34 patients treated after March of 1971. Of the 
six patients in whom angiography was not performed, 
one was rushed to the operating room without 
catheterization (Table 1, #21) and the other five were 
not offered operation for the reasons listed in Table 
2. Angiography invariably revealed occlusive disease 
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Fic. 1. Diagrammatic illustration of the author's clinical impression 
of the course followed by many patients after the development of a 
ventricular septal defect (VSD) as a complication of acute myocardial 
infarction (AMI). In such patients who have shown deteriorating 
hemodynamics, the institution of intra-aoric balloon pumping 
(IABP) will temporarily reverse the patient's declining hemodynamic 
condition. Persistence with intra-aortic balloon pumping as the sole 
therapeutic mode, however, is associated with continued clinical 
deterioration as indicated by the dashed line. Thus in such patients 
it is imperative that confirmatory diagnostic procedures such as 
cardiac catheterization be followed promptly by urgent operative 
correction of the mechanical defect in order to take maximum ad- 
vantage of the temporary restoration of good hemodynamics pro- 
vided by IABP. 


of the anterior descending artery in patients with 
anterior infarction with an anterior or apical septal de- 
fect, and of the posterior descending system in patients 
with inferior infarction with a posterior septal defect. 
But while significant occlusive disease of both the 
anterior descending and posterior descending arteries 
was present in a majority of the patients, it was not 
a prerequisite for septal perforation after infarction. In 
eight of 14 patients with anterior infarction, the pos- 


TABLE 2. Clinical Condition of Seven Patients 
Who were not Offered Operation 


Patient # Condition 
8 Metastatic malignant melanoma 
12 Progressive failure on IABP*, very poor contraction in 
residual myocardium with vessels poorly suitable for 
grafting Y 
19 Rapidly progressive failure on IABP with massive 
catecholamine support; death in less than 24 hours 
26 Anuric with systolic blood pressure 50 mm Hg on IABP 
and Levophed 
30 Massive small bowel infarction at laparotomy, ? emboli, 
? IABP dissection (no post-mortem examination) 
31 Neurologically unresponsive on admission, no im- 


provement with IABP and Levophed; systolic blood 
pressure less than 70 mm Hg 

33 Severe oliguria on IABP, Levophed, Dopamine; BUN 
elevated to 170 mg% 





* [ABP = intra-aortic balloon pump. 
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TABLE 3. Causes of Postoperative Deaths 








Patient 

Number Condition Leading to Death 

1,9, 17  Pre-op azotemia, post-op intractable renal failure 

3,21 Progressive pump failure, died in less than one day after 
operation 

IL Pre-op azotemia, inadequate functioning myocardium 
after infarctectomy, died in operating room 

13 Emergency operation for acute deterioration, would not 
come off cardiopulmonary bypass 

20 Sutures would not hold in OR, death in OR 

22 Persistent VSD noted in OR after repair, low output 
postoperatively 

27 Pre-op azotemia, persistent VSD, low output and renal 
failure postoperatively 

34 Recurrent aspiration, poor wound healing, sepsis 

43 Rerupture of VSD seven weeks after operation 


terior descending artery was not significantly ob- 
structed at angiography. In four of 14 patients with 
posterior infarction, the anterior descending artery was 
widely patent. 

Seven patients in this series were not offered opera- 
tion. A brief statement of the clinical condition of each 
patient is listed in Table 2. Patients #26 and #33 with 
cardiac failure and concomitant severe renal failure 
were evaluated but not operated in the last three years 
of the series. Operation was not attempted in these two 
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Fic. 2. Illustration of heart with anterior interventricular septal rup- 
ture complicating acute anterior myocardial infarction (stippled 
area). The dashed line on the left indicating an incision in the nght 
ventricular outflow tract, used for repair of congenital ventricular 
septal defect (VSD) is inappropriate for post-infarct VSD (see text). 
A transinfarct incision (dashed line in center of infarct), with infarc- 
tectomy, gives the best exposure and most complete correction of 
the pathology. RCA = Right Coronary Artery. LAD = Anterior 
Descending Branch of Left Coronary Artery. 
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Fic. 3. Artist's representa- 
tion of operation performed 
for apical ventricular septal 
defect complicating acute 
anterior myocardial infarc- 
tion. Operation performed 
in patient 12 days following 
acute anterior infarction 
was that of apical amputa- 
tion. This figure describes 
the operation which was re- 
ported in N. Engl. J. Med. 
283:1507, 1970, and-is re- 
printed with the permission 
of the N. Eng. J. Med. © 
Anterior surface of the heart 
(A and B), showing the 
infarct and area of resec- 
tion, and apical view of the 
heart (C and D), showing 
the approximation of right 
ventricular wall, septum 
and left ventricle with mat- 
tress sutures buttressed by 
teflon felt. 


RV LV 


APICAL VIEW 


patients because in previous years all five patients with 
similar severe renal failure (BUN greater than 100 mg% 
or profound oliguria) had not survived after operation 
(Table 3). 


Operative Procedures 


Since this series includes all patients treated 
surgically at this hospital for ventricular septal defect 
after myocardial infarction, the operative techniques 
used were modified with time. Four of the first five 
patients in the series underwent patch closure of the 
septal defect through an anterior right ventriculotomy, 
as one might repair a congenital ventricular septal 
defect (Fig. 2). But in 1969 it became apparent that 
both exposure and postoperative ventricular function 
were better maintained if ventriculotomy were carried 
out through the area of infarction*!9?! in the anterior 
or apical aspect of the left ventricle (Fig. 3). Identifi- 
cation of the borders of the infarct is facilitated by 
placing suction on the left ventricular vent after the 
institution of cardiopulmonary bypass. This maneuver 
causes the flaccid musculature of the fresh infarct or 
the thinned-out scar of the old infarct to pucker, 
demarcating the limits of the incision. 
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After ventriculotomy, the extent of the septal defect 
is determined. If the septal defect is small and particu- 
larly if the infarct is anterior and apical, simple ampu- 
tation of the infarct with exclusion of the ventricular 
septal defect may be an adequate operation.’ Inter- 
rupted horizontal mattress sutures are placed se- 
quentially through a teflon felt strip, the left ventricle, 
a second strip of felt, the septum, a third strip of felt, 
the right ventricle and a fourth teflon felt strip. Ne- 
crotic muscle in either ventricular wall or the septum is 
trimmed away as necessary to allow placement of the 
suture line at the edge of viable muscle. All sutures 
are placed before any are tied down. For anterior de- 
fects higher up along the septum, the repair was 
modified to include buttressing of the defect closure 
with sutures through the right ventricular free wall (Fig. 
4). This method had the additional advantages of 
sparing viable muscle in the distal septum and of 
preserving left ventricular volume by transposing the 
interventricular septum to the right.??? These tech- 
niques were our primary method of repair from 1970 
until the middle of 1973. Of 15 operations performed in 
the interval, only two simple cloth patches were used 
for closure of large anterior septal defects in conjunc- 
tion with infarctectomy. 
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In 1973 review of our results (Table 1) suggested need 
for restoration of the geometry of the extensively 
damaged heart. This consideration, and the principle of 
avoiding tension on friable suture lines, led to more 
frequent use of woven tefion or dacron to replace por- 
tions of resected muscle. In particular, a modification 
of the two-layer patch described by Iben et al. has 
allowed great flexibility in restoration of ventricular 
geometry. Using horizontal mattress sutures with 
teflon felt pledgets, two layers of woven teflon cloth 
are sewn to the edge of the ventricular septal 
defect as shown in Figure 5. The patch may then be 
trimmed to allow partial replacement of either left or 
right ventricular musculature as is necessary. Patch 
closures have been used in five of the last 15 opera- 
tions. 

Recognition that the septal defect which complicates 
inferior or posterior myocardial infarction requires 
different techniques than those most applicable to the 
anterior or apical defect has led to better understanding 
of the principles underlying the successful repair of all 
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Fic. 4. Illustration of 
method of repair for ven- 
tricular septal defect (VSD) 
occurring higher up along 
the anterior aspect of ven- 
tricular septum after ante- 
rior myocardial infarction. 
This method has the advan- 
tages of sparing viable mus- 
cle in the distal septum 
and of preserving left ven- 
tricular volume. 
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such defects.” In contrast to the septal defect which 
complicates anterior myocardial infarction, the defect 
following inferior or inferoposterior myocardial infarc- 
tion is posteriorly located and higher up along the sep- 
tum. In our view, an incision in the anterior aspect of 
the left ventricle is as inappropriate for this type of de- 
fect as a right ventricular outflow tract incision was for 
the defect which complicates anterior myocardial in- 
farction. After inferior myocardial infarction, the pos- 
teriorly located defect is best approached by dislocating 
the heart anteriorly out of the pericardium (Fig. 6), as 
one would do for construction of a posterior descend- 
ing artery by-pass. The infarct may be located in the 
diaphragmatic surface of the right ventricle, directly 
over the posterior descending artery and underlying 
septum or involve more of the left ventricle, depend- 
ing on the coronary anatomy and disease in a given 
patient. In addition to a posterior aproach to the poste- 
rior defect, the anatomic placement of the ventricu- 
lotomy is important. 

From our experience a myocardial incision eccen- 


Fic. 5. Modifications of 
Iben's ‘‘double patch” re- 
pair, illustrated here for re- 
7 TDs pair of posterior ventricu- 
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lar septal rupture; repair 
with patch (shown in right 
panel) was used in two pa- 
tients (#25 and #36, Table 
1), both hospital survivors 
(Case Report #2}. Repair 
shown in left panel has not 
been used yet, but is pre- 
sented as a logical hy- 
pothetical extension of right 
panel repair, for the patient 
with more extensive ven- 
tricular free wall muscle 
necrosis posteriorly. The 
increasing use of prosthetic 


post. wall 


material to replace necrotic muscle has improved results, particularly in patients with posterior defects. L.V. = Left Ventricle; 


R.Y. = Right Ventricle. I.V. septum = Interventricular Septum. 
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Fi. 6. Illustration of heart dislocated out of pericardial cavity, anteriorly 
and cephalad, for best exposure of posterior VSD, as one would do to 
perform posterior descending artery bypass. As the three stippled zones 
show, the infarct may be located in the diaphragmatic surface of the 
right ventricle (RV), directly over the posterior descending artery and 
underlying septum (striped area), or involve more of the posterior free 
wall of the left ventricle (LV). In addition to the posterior approach, 
as suggested by Shumacker"", it is important to place ventriculotomy in 
center of infarct (dashed line for each zone of infarct) to void tearing out 
of sutures in friable myocardium (Case Reports #1, #2, and #3, also 
patients #28, #36, and #39 in Table 1). IVC = Inferior Vena Cava. 


tric to the infarct almost invariably results in tearing 
out of sutures and either uncontrollable hemorrhage or 
recurrence of the VSD. Thus, it would seem that the 
concept which embodies a left-sided approach to the 
defect is less appropriate than the principle of operating 
directly through the infarct. Incision directly through 
the soft center of the infarct invariably leads one to the 
defect, and exposure can be improved by excision of 
surrounding necrotic ventricular muscle (Fig. 7a). 

Associated procedures were carried out in 11 pa- 
tients: mitral valve replacement in two and coronary 
artery vein bypass graft in nine. In six patients signifi- 
cantly narrowed or occluded coronary arteries to areas 
other than that of the primary infarct were not bypassed 
at the time of operation. The following cases illustrate 
our current management of ventricuilar septal defect 
after myocardial infarction. 


Case Reports 


Case 1. F. G. is a 66-year-old male (Patient #28 in Table 1) who was 
well until 3/21/74, when, after jogging, he had severe substernal 
chest pain. He was admitted to an outside hospital. His electro- 
cardiogram demonstrated S-T segment elevation in leads 2, 3, AVF, 
V5 and V6. On his second hospital day, he was noted to have an 
apical holosystolic murmur consistent with mitral regurgitation. 
He developed congestive failure and was transferred to the Massa- 
chusetts General Hospital with continuing evidence of papillary 
muscle dysfunction. 

On admission, because of relative hypotension (systolic blood 
pressure 90 mm Hg), pre-renal azotemia (BUN 40) and clinical evi- 
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dence of pulmonary edema, an intra-aortic balloon pump was in- 
serted. Swan-Ganz catheterization revealed large V waves in the 
pulmonary capillary wedge pressure tracing and a significant oxygen 
step-up between the superior vena cava and the pulmonary artery. 
Mean pulmonary capillary wedge pressure was 20 to 25 mm Hg, 
rising to 26 to 30 mm Hg when balloon augmentation was temporarily 
halted. Coronary angiography, performed on the day after admission, 
revealed complete occlusion of the right coronary artery and stenosis 
of a short left anterior descending coronary artery. The circumflex 
artery was small with scattered non-occlusive disease. The left ven- 
triculogram showed excellent anterolateral contraction, but aki- 
netic inferior wall, early opacification of the right ventricle and pul- 
monary artery and moderate mitral regurgitation. 

On the third hopsital day, the patient remained hemodynamically 
unstable and showed balloon pump dependence. When balloon 
agumentation was temporarily stopped, systolic blood pressure fell 
from 110 to 85 mm Hg, pulmonary capillary wedge pressure rose from 
22 to 27 mm Hg, and central venous oxygen saturation fell from 42 to 
37%. The patient was then taken to the operating room on April 1, 
1974. A large posterior left ventricular infarct was present with 
minimal extension into the right ventricle. An incision through the 
posterior left ventricular infarct revealed a posterior ventricular 
septal defect and a ruptured posterior papillary muscle. The septal 
defect was closed by mattress sutures buttressed by teflon felt (Fig. 
7a). The large defect in the left ventricle after infarctectomy could not 
be closed primarily, and this defect was replaced with a four by six 
centimeter oval patch of tightly woven teflon (Figs. 7b and c). The 
mitral valve was then replaced via the left atrium with a Bjork-Shiley 
disc prosthesis. Subsequently, the patient was taken off bypass with 
minimal pressor and continued balloon pump support. 

His postoperative course was complicated by pneumonia, re- 
quiring long-term ventilatory support via tracheostomy. A gas- 
trotomy for alimentation was performed at the time of tracheostomy. 
A bacteremia, presumably from a superficial abscess in his gastrot- 
omy incision, required four weeks of parenteral antibiotics. Seven 
weeks after operation, right and left heart catheterization was per- 


Papillary 
muscle 


Fic. 7a. Illustration of pathology, as seen intra-operatively, in patient 
F.G. (Case Report #1 and patient #28 in Table 1) with ventricular septal 
defect (VSD), closed primarily with teflon felt buttressing; infarctectomy 
of posterior left ventricular free wall and ruptured posterior papillary 
muscle are also shown. 


266 







Woven teflon 


Björk- Shiley 
mitral valve prosthesis 


Fic. 7b. Illustration of replacement of posterior left ventricular free 
wall with woven teflon graft fabric after infarctectomy and VSD 
closure in patient F.G. (Case Report #1 and patient #28 in Table 1). 
Mitral regurgitation due to papillary muscle rupture corrected by 
mitral valve replacement with Bjork-Shiley prosthesis. Patient is liv- 
ing and well (NYHA Functional Class II) three years after operation. 


formed, which revealed good left ventricular function and a very 
small persistent ventricular septal defect. The patient was discharged 
on May 29, 1974 on digoxin, Coumadin and Aldactazide. He is 
currently well, three years after operation, and able to engage in all 
but the most strenuous activities. 

Case 2. W. F. is a 66-year-old male (Patient #36 in Table 1) who 
began coughing persistently on 3/12/75. On 3/15/75 he had a single 
brief episode of chest pain. He was admitted to another hospital, and 
after eight days of persistent pulmonary edema and intermittent atrial 
fibrillation, he was transferred to our hospital on 3/25/75. On 
admission his electrocardiogram revealed marked sinus tachycardia 
and small Q waves in leads 2, 3, AVF, V5 and V6. He was judged 
clinically to be in pulmonary edema with a grade 4/6 holosystolic 
murmur at the apex. After two days treatment of refractory pulmo- 
nary edema, oliguria and a systolic blood pressure of 90 mm Hg. an 
intra-aortic balloon pump was inserted. His urine output improved, 





Fic. 7c. Intra-operative photograph of posterior left ventricular free 
wall replacement with woven teflon graft fabric after infarctectomy 
as illustrated in Figure 7b. For orientation, patient's feet are below 
and head above. 
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his blood pressure on the baloon pump was 110 mm Hg, and his pul- 
monary edema improved sufficiently to allow him to sleep flat in bed. 

Cardiac catheterization was performed three days after admission 
and revealed occlusion of the right coronary artery, a 40% stenosis of 
the left anterior descending artery, a pulmonary capillary wedge 
pressure of 27 mm Hg, and a ventricular septal defect with a 4:1 left- 
to-right shunt. Operation was planned for 3/31/75, but clinical deterio- 
ration forced emergency operation on 3/30/75. At operation, the 
infarct lay directly over the posterior desending vessels and under- 
lying posterior septum. A transinfarct incision directly over the 
septum exposed the posterior septal defect. Necrotic septal muscle 
was debrided and two woven dacron patches were sewn to either side 
of the septum. The free edge of right ventricle, the patches and free 
edge of left ventricle were closed as one suture line with felt 
buttressing (Fig. 4 right panel). 

The patient's convalescence was remarkably event-free. The 
balloon pump was weaned and removed three days after operation. 
The patient was discharged from the hospital 16 days after opera- 
tion. Although retired, he remains well and active two years after 
operation. 

Case 3. M. S. is a 66-year-old nun (Patient #39 in Table 1) who 
presented to an outside hospital in Septemberof 1976 after a 20 minute 
episode of chest pain following two weeks of increasing angina. 
She had no past history of cardiac disease. She was found to have 
a recent inferior myocardial infarction by electrocardiogram and 
a III/VI systolic murmur. Because of congestive heart failure un- 
responsive to medical therapy, she underwent cardiac catheteriza- 
tion and angiography, which revealed occlusion of the distal right 
coronary artery, high-grade stenosis of the anterior descending and 
a large diagonal branch, 2.3:1 left-to-right shunt via a posterior septal 
defect, a small posterior left ventricular aneurysm and biventricular 
failure. She was transferred to our institution six weeks after the 
onset of chest pain, still very limited by shortness of breath. A few 
days after admission, she was taken to the operating room. 

At operation, saphenous vein bypass grafts were constructed 
to both the anterior descending artery and its diagonal branch. The 
scarred area of the infarct was easily seen posteriorly, involving 
principally the diaphragmatic surface of the right ventricle with little 
involvement of the posterior left ventricle. A transinfarct incision 
was made in the diaphragmatic surface of the right ventricle and a 
two centimeter septal defect was thereby exposed. The edges of 
the defect were scarred. The defect was closed with a woven da- 
cron patch buttressed with teflon felt on the left and right ventricular 
side of the septum. The right ventriculotomy was closed primarily 
with felt-buttressed sutures. The patient was easily weaned from 
cardiopulmonary bypass without inotropic support. 

Soon after arrival in the intensive care unit, an episode of atrial 
flutter led to mild hvpotension and oliguria.She required pressors 
after this episode and an intra-aortic balloon pump was inserted. 
Her hemodynamic situation quickly stabilized, and the balloon was 
removed on the second postoperative day. Her recovery was there- 
after slow but uneventful, and she was discharged five weeks after 
operation on digoxin, diuretics and Coumadin. She has since resumed 
her work at the convent, and is NYHA functional class II, five 
months after operation. 

Case 4. (J. S.) Six months prior to admission, this 62-year-old 
female (Patient #43 in Table 1) had an inferior myocardial infarction 
complicated by transient complete heart block. On January 29, 1977, 
she presented to an outside hospital with severe chest pain. An epi- 
sode of ventricular fibrillation required cardioversion in the emer- 
gency room, with restoration of normal sinus rhythm. Her electro- 
cardiogram revealed Q waves and new S-T segment elevation in 
leads 2,3 and AVF, as well as S-T segment elevation in leads V1- V5. 
Five days after admission, she developed a loud systolic murmur, 
severe chest pain and profound hypotension. She was transferred 


Vol. 186 e No. 3 


Fic. 8. Group I patients 
who were treated less than 
21 days after myocardial in- 
farct by year. Initial suc- 
cesses were in patients with 
anterior defects after an- 
terior myocardial infarc- 
tion. More recently, results 
in patients with posterior 
VSD after inferior or poste- 
rior myocardial infarction, 
have improved with trans- 
infarct ventriculotomy and 
more liberal use of pros- 
thetic material to replace 
necrotic muscle. (See text 
for discussion.) 


Deaths 


to our hospital with a systolic pressure of 80 on norepinephrine and 
dopamine. Soon after arrival, her blood pressure was unobtainable 
by palpation, and an intra-aortic balloon pump was inserted. A 5:1 
left-to-right shunt was documented by Swan-Ganz catheter prior 
to balloon pump insertion. With intra-aortic balloon pumping the 
pressors were discontinued. The patient's blood pressure was 80/50 
without the balloon pump and 150/75 with the balloon. pump. The 
following day she underwent cardiac catheterization, which revealed 
total occlusion of the right coronary artery and its posterior descend- 
ing branch, 90% occlusion of the left anterior descending artery 
proximally, but a widely patent distal anterior descending artery, 
and a 40% narrowing of the circumflex artery. Left ventricular angio- 
gram revealed a large apical septal defect and hypokinesis of the 
inferior and diaphragmatic segments of the left ventricle. Two days 
after admission, she was taken to the operting room. 

At operation, a large apical infarct was easily identified. A coronary 
artery bypass graft was constructed to the distal left anterior descend- 
ing artery. An infarctectomy of the apex was performed. The septal 
defect was closed by felt buttressed sutures passed through the sep- 
tum and out the right ventricular wall. The edges of the left ventricle 
after infarctectomy were then closed by similarly reinforced sutures 
passed through the left ventricular free wall, through the septum 
and through the right ventricle. The patient was weaned from cardio- 
pulmonary bypass with the aid of epinephrine and balloon pumping. 
She was rapidly weaned from pressors in the intensive care unit and 
the balloon was removed on the second post-operative day. Her 
subsequent postoperative course was uneventful, and she was dis- 
charged on the seventeenth postoperative day on digoxin and 
Coumadin. She is currently well and has resumed doing her house- 
work, six weeks after operation. 


Results of Operation 
Operative Mortality 


Operation was carried out in 36 of 43 patients. 
Twenty-four of these patients survived the initial hos- 
pitalization (i.e., 66% of the operated patients or 56% 
of the total series). In patients with anterior infarction 
in whom operation could be deferred longer than 21 
days, seven of eight patients were operative survivors. 


ANTERIOR INFARCTION 


Survivors 

No Op 

Deaths 

POSTERIOR INFARCTION 
Survivors 


No Op 
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Similar results were obtained in patients with posterior 
infarction: seven patients survived of the seven in 
whom operation for a posterior ventricular septal de- 
fect was deferred greater than 21 days. Operative mor- 
tality for patients undergoing operation greater than 
21 days after infarction was only 7%. 

If operation was required prior to 21 days, the mor- 
tality was substantially higher (Fig. 8). Seven of eleven 
such patients with anterior infarction survived and 
only three of ten patients with posterior infarction sur- 
vived. Operative mortality, then, in this subgroup was 
52%. 

In patients who had associated procedures, the two 
patients who required mitral valve replacement were 
both hospital survivors (Table 4); of the nine pa- 
tients in whom saphenous vein aortocoronary bypasses 
were done, six were hospital survivors. Of the six pa- 
tients who had a significant coronary occlusion in an 
area other than that of the primary infarct, that was not 
bypassed, four were hospital survivors. 


TABLE 4. Associated Procedures and Lesions 











Hospital Late 
No. Survival Survivors 
MVR 2 2 1 
CABG 9 6 6 
Occluded vessel not bypassed, 
other than the primary one to 
infarct 6 4 3 


Of the patients who had associated procedures, in addition to 
VSD closure, and were hospital survivors, only one died late, of 
lymphoma, a year after operation. This same patient also was the 
only late death among patients who had an occluded vessel, other 
than the primary one to the infarct, that was not bypassed. 

MVR - Mitral Valve Replacement. 

CABG - Coronary Artery Bypass Graft. 
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Overall operative mortality in this series is 33% (12 of 
36 patients). But current operative techniques were 
instituted in 1973 with the more liberal use of woven 
teflon to replace resected muscle. Operative mortality 
prior to mid 1973 was 47% (nine deaths in 19 patients). 
Mortality after mid 1973 was only 18% (three deaths in 
17 patients). Even in those patients in whom operation 
was necessary prior to 21 days after infarction, opera- 
tive mortality in the last 44 months has been only 30% 
(three deaths in ten patients). 


Postoperative Ventricular Septal Defect 


Six patients were thought to have a postoperative 
ventricular septal defect. Patient #2, a long-term sur- 
vivor, had a postoperative parasystolic apical murmur 
consistent with ventricular septal defect after a poste- 
rior septal defect was closed with difficulty through 
an anterior right ventriculotomy. Patient #7 underwent 
infarctectomy with suture closure and exclusion of an 
anterior septal defect. A murmur was noted in the early 
postoperative period, but recovery was uneventful, 
with good cardiac function for three years. In 1973 the 
patient developed progressive heart failure and a 2.5: 1 
shunt was documented at cardiac catheterization in 
June of 1974. The patient died in November of 1974. 
Patient #22 had attempted direct suture exclusion of 
a posterior ventricular septal defect. A persistent septal 
defect was noted at operation and a 1.8:1 shunt was 
demonstrated by Swan-Ganz catheterization post- 
operatively. The patient died 17 days after operation. 
Patient 427 was noted to have a pansystolic murmur 
after direct suture exclusion of an anterior septal de- 
fect. He died five days after operation of low cardiac 
output. Patient 428 was found to have a small left-to- 
right shunt as an incidental finding at postoperative 
catheterization. Patient #41 died of catastrophic re- 
rupture of the ventricular septum seven weeks after 
operation. 


Long-term Results 


There were five late deaths in this series. and no pa- 
tients have been lost to follow-up. Mean duration of 
survival of these five patients was 26 months (range: 
1-42 months). Patient #6 died suddenly, having been 
in good health for four years after operation. Patient #7 
died after three years of progressive cardiac failure 
as described above. Patient #10 died one year post- 
operatively while undergoing treatment for dissemi- 
nated lymphoblastic lymphoma. Patient #25 died three 
years after operation of intracerebral hemorrhage, hav- 
ing been in good health since her operation. Patient #40 
died suddenly ten days after hospital discharge. 

Of the 19 other long-term survivors, eight are NYHA 
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functional class I, ten are NYHA functional class II, and 
one is NYHA functional class III. Mean length of 
follow-up of currently surviving patients is 41 months 
(range: 1—96 months). 


Discussion 


This series of patients reflects the evolution of our 
therapeutic approach to septal perforation after myo- 
cardial infarction. Early patients were treated as we 
treated congenital ventricular septal defects, with at- 
tempted patch closure through a standard anterior right 
ventriculotomy. The two patients thus treated with 
acute infarction died, and one of the two patients with 
a chronic septal defect had a persistent murmur post- 
operatively. 

Infarctectomy with felt buttressed suture closure of 
the ventricle and exclusion of the septal defect led to 
some success, but, in addition to this basic change in 
technique, several other alterations allowed better 
management of these patients: 1) Ventriculotomy was 
positioned in the center of the infarcted area. 2) 
The intra-aortic balloon pump was used to support 
the patient hemodynamically while coronary angiog- 
raphy and left ventriculography defined the pathology 
and to support the patient in the perioperative period. 
3) Associated coronary or mitral valve deficiencies 
were corrected if necessary. 

Ventriculotomy through the right ventricular outflow 
tract is clearly inappropriate for ventricular septal rup- 
ture after infarction. This incision gives poor exposure 
to the defect, it injures normal muscle, it interrupts 
potential collateral channels and it does not allow cor- 
rection of often-present paradoxical pulsation of the 
infarcted myocardium. Iben et al. altered the usual 
ventriculotomy by placing the incision in the right ven- 
tricle over the site of greatest thrill, allowing better 
exposure of the defect." Kay and colleagues! and 
Javid et al. advocated a left-sided approach to post- 
infarction septal defects, with the incision through an 
area of post-infarction scar or thinning. Shumacker?? 
pointed out that an anterior left ventriculotomy is en- 
tirely inappropriate for a posterior septal defect and 
suggested that incision through the posterior right ven- 
tricle affords excellent exposure of the defect. We have 
felt for some time? that ventriculotomy is best per- 
formed through the center of the infarcted area, whether 
that site be anterior or posterior, right ventricular, left 
ventricular or directly over the septum (Figs. 2 and 6). 
An incision eccentric to a fresh infarct will sacrifice 
functioning muscle on the non-infarcted side of the inci- 
sion to allow adequate margin for suturing and may lead 
to sutures tearing out of friable muscle on the infarcted 
side of the incision. 

The intra-aortic balloon pump (IABP) has been an 
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important part of our management of myocardial ische- 
mia with cardiac failure. Patient #30 in this series 
(Tables | and 2) died as a result of balloon insertion, but 
such fatal complications are rare (six of over 750 bal- 
loon insertions), and the use of the balloon pump greatly 
facilitates coronary angiography and operation. More- 
over, by virtue of systolic unloading of the left ventri- 
cle, use of the balloon pump invariably leads to a de- 
crease in the size of the left-to-right shunt in this par- 
ticular complication of infarction.? Use of IABP, 
however, in a manner which delays needed urgent oper- 
ation, once a patient has demonstrated deteriorating 
hemodynamics, is not recommended. 

Associated coronary and mitral valve deficiencies 
should always be identified prior to operation. We do 
not usually perform a bypass graft to the artery supply- 
ing the area of infarction, since the mass of viable mus- 
cle supplied by this artery is too small to justify this 
procedure, and closure of the ventricular septal defect 
often precludes a vein bypass to this area on technical 
grounds. Crosby et al.* and Hill et al.? suggest that 
significant obstructions in other arteries should always 
be bypassed. Conversely, Kaplan and co-workers do 
not.^ Bypass grafting was carried out in nine of 15 
patients with potentially bypassable lesions in this 
series. Each patient presents a different situation with 
regard to muscle mass that might be revascularized, 
and we have certainly not felt compelled to perform 
bypass grafts in every instance. Significant mitral re- 
gurgitation has required valve replacement in two pa- 
tients, both of whom survived hospitalization; one 
died of lymphoma a year after operation. 

Through mid 1973, our results with septal defects 
requiring operation after three weeks were excellent, 
and results with anterior septal defects in fresh (—3 
weeks old) infarction were also good (Fig. 8). But our 
success with septal defect after fresh inferior or poste- 
rior infarction was not, with six deaths in six attempts. 
Patients #20 and #22 (Tables 1 and 3) both died be- 
cause sutures tore out of the attempted repair. This 
experience suggested that inferior or posterior infarc- 
tion with septal rupture was not always amenable to 
the primary suture technique of repair (although Crosby 
et al.* report success with the technique in two of three 
patients). The subsequent three patients with acute 
inferior infarction were treated with patch closure of 
the septal defect or prosthetic replacement of the ven- 
tricular free wall. All three patients survived with ex- 
cellent hemodynamic results (Fig. 8). A modification 
of the Iben double-patch technique is proposed to allow 
flexibility in extension of prosthetic replacement to 
either the right or left ventricular free wall and to pre- 
ventundue tension at any part ofthe suture line (Fig. 5). 

In a recent patient (Patient #41 in Table 1), an acute 
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inferior ventricular septal defect was repaired without a 
patch. Seven weeks postoperatively, the patient died 
when the septum reruptured, reopening the septal de- 
fect. This experience reinforces our opinion that the 
acute posterior septal defect requires patch closure 
of the defect and/or of the ventricular free wall. 

In this series, seven patients were not offered opera- 
tion. Of the five patients from whom operation was 
withheld for cardiac reasons, four were in profound 
cardiogenic shock unresponsive to pressors or intra- 
aortic balloon pumping. The fifth patient (#12) had 
severe diffuse ventricular hypokinesis and vessels 
unsuitable for grafting in addition to acute infarction 
with a posterior septal defect. Operation has been with- 
held more frequently in recent years (Fig. 8), but this 
circumstance seems to be related to the recent avail- 
ability of mobile support units which allow inter-hos- 
pital transfer of patients, some of whom are in advanced 
cardiogenic shock. 

Hospital survival after operation is 66%, a result simi- 
lar to that of Hill et al.,'? and the 18% operative mor- 
tality in the last three and a half years is indeed encour- 
aging. The quality of life obtained after operative sal- 
vage has been gratifying in this series. Eighteen of the 
19 surviving patients are either NYHA functional class 
I or II. 

Our current management of this uncommon catastro- 
phe includes: 1) deferring operation, if possible, until 
three weeks after infarction, 2) cardiac support with 
intra-aortic balloon pump insertion to allow preopera- 
tive definition of coronary and ventricular anatomy 
of patients with hemodynamic deterioration, and 3) a 
transinfarct incision with prosthetic replacement of 
excised ventricular free wall or septum, if necessary, 
and 4) possible repair of associated coronary or mitral 
valve pathology. With aggressive surgical interven- 
tion, we believe that considerable salvage is possible 
in patients with ventricular septal rupture after myo- 
cardial infarction. 
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his associates have concluded, and I am quite certain that their 
large and excellent experience will help others to better treat this 
challenging complication of myocardial infarction. 


Dr. FRANK GERBODE (San Francisco, California): There are a 
number of points which they made which are now recognized 
generally as being important in the surgical treatment of infarction 
ventricular septal defect: access to the defect through the infarct, 
patch repair (at times on the right as well as the left side of the 
defect) and right lateral suture of an anterior septal defect. 

Of special interest is their use of a cloth gusset to enlarge the 
left ventricle. It's remarkable to see how well this was tolerated, 
and how the patients who had it did in the long-term evaluation. 

The improvement in risk of operation after three weeks results 
from natural patient selection as well as better tissue for repair. 
When it is not possible to delay operation, the operative mortality 
is much higher. In our hands in early emergency it is about the 
same as theirs; greater than 50%. The over-all mortality rate 
(early and late) generally for this defect is around 30%. 

Balloon pump support is an important adjunct. Difficulty in 
obtaining a permanent complete repair is shown in their finding of six 
patients with small to large residual defects. 

It would appear that bypass procedures did not improve the 
operative mortality rate. I would like the authors to comment on 
whether the long-term results indicated improvement over those who 
were not bypassed. 


DR. FRANK COLE SPENCER (New York, New York): I had not 
planned on discussing the paper, but the data are so significant 
I thought certain observations might be of interest. 

Clearly, Dr. Daggett and his associates have pioneered the surgical 
treatment of ventricular septal defect following myocardial infarc- 
tion. What you have just heard is probably the most substantial 
contribution that exists in the literature in the entire world today. 
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Three technical principles seem particularly important: 1) Making 
the ventriculotomy through the infarct; 2) Closing the ventricular 
septal defect with patch as opposed to direct suture; and 3) Patching 
the ventricular wall if the infarct is unusually large. The one 
photograph Dr. Daggett showed of the patch in the ventricular 
wall is most impressive. 

An intriguing point about the data is that mortality for operations 
performed within three weeks after infarction is near 50%, but after 
three weeks is strikingly low, one death in 15. Yet the same technical 
approach was presumably used for the two groups of patients. One 
explanation for the mortality difference is the obvious fact that if 
a patient can survive three weeks, the extent of injury is smaller. 
A more significant possibility however is that techniques of myo- 
cardial preservation are not perfect, but are tolerated in the patients 
operated upon after six weeks but not well tolerated in the earlier 
ones. A favorite surgical aphorism of mine is that a diseased 
heart will recover if the problem is corrected and the heart is not 
harmed. Obviously both must be accomplished. 

To speculate a bit further, probably the physiological difference 
between the two groups is that collateral circulation has developed 
to a better degree in the group operated upon after three weeks. 
Conceivably with an ideal technique of myocardial preservation, 
patients could be operated upon earlier than three weeks with 
similar results. Hence, my question to Dr. Daggett is: "What was 
the technique of myocardial preservation used?" 

To further illustrate the increasing surgical possibilities with 
better techniques of myocardial preservation, we were quite 
astonished recently at the uneventful recovery in a 77-year-old lady 
who had sustained a massive infarction six weeks earlier, with 
subsequent development of a large ventricular aneurysm and 
extensive perforation of the ventricular septum. The pulmonary 
blood flow was three times normal, the cardiac index 1.1 and the 
left ventricular end diastolic pressure 35 mm. To our pleasant 
surprise, with double bypass grafts, excision of the ventricular 
aneurysm, and patch closure of multiple ventricular septal defects, 
cardiac hemodynamics promptly returned to normal and recovery 
was uneventful. 


DR. JoHN A. WALDHAUSEN (Hershey, Pennsylvania): As Dr. 
Daggett has shown, the operative mortality is in large part related 
to the timing: The earlier, the higher the mortality; the later, 
the better the survival. 

We addressed ourselves to this problem. In order to gain time 
and stabilize the patient we did the following experiment: We 
placed a balloon tipped catheter into the pulmonary artery of the 
dog with a large surgically created ventricular shunt. Inflation of 
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the balloon in effect produced an internal banding of the pulmonary 
artery, and thus reduced the pulmonary blood flow and shunt flow. 
This reduction in preload on the left ventricle allowed the dog to 
be stabilized. The cardiac output improved dramatically. 

We have not tried it in man, but are planning to do so. Perhaps 
this is a method of stabilizing a patient until he can undergo 
closure of his ventricular septal defect more safely. 


Dr. WILLARD DaGGETT (Closing discussion): Dr. Shumacker, we 
agree this is a rare complication. It occurs in only about two 
per cent of hospitalized patients, so far as we know. We also 
agree that if the patient can be delayed until after three weeks, this 
is going to improve our results significantly. However, the treat- 
ment of some of these patients just can't be delayed; they 
deteriorate, and it is in such patients that we institute intra-aortic 
balloon pump support, which will temporarily improve the patient, 
but then move on quickly to definitive studies and operation. The 
intra-aortic balloon pump, however well it supports such patients, 
will not sustain the patient definitively. There will be continued 
deterioration, and therefore we need to operate promptly once 
things start to fall apart. 

Dr. Gerbode, if I could show one slide, I think it will answer your 
question. (Slide) Here are the patients who had associated pro- 
cedures. Nine had coronary artery bypass grafts, of which six, or 
two-thirds, were hospital survivors. 

Six patients had another vessel occluded, other than the primary 
one to the infarct, which was not bypassed, again four patients or 
two thirds of this small group were hospital survivors. 

In the follow-up period we only lost one patient of the entire 11 
patients who had associated procedures, and that same patient 
dropped out of the coronary bypass group and out of the mitral 
valve-replacement group because of a lymphoblastic leukemia of 
which the patient died a year after operation. 

Dr. Spencer, we certainly agree with you that these patients who 
require early operation are sicker and have a bigger infarct. We 
certainly don't know for sure at this time how to protect that ischemic 
border zone. We don't have enough recent patients to talk sig- 
nificantly about the use of cardioplegic solutions, although we at the 
moment do favor the use of potassium chloride solution for 
cardioplegic arrest, and we also give a small amount of propranolol 
before going onto the pump, an addition to our program that Dr. 
Buckley instituted. 

At the present time we use local myocardial cooling and systemic 
hypothermia, usually to 28°, propranolol and cardioplegic solution, 
but it's premature to talk about that program in terms of results 
until we see more cases. 


The Child with Ambiguous Genitalia: 


A Neonatal Surgical Emergency 
TIMOTHY G. CANTY, M.D.* 


Although many birth defects pose a real threat to life if left 
uncorrected, the problem of ambiguous genitalia, if poorly 
or incorrectly handled, leads to a lifetime of unhappiness 
for both parent and child. The evaluation of these defects 
must be attended to with the same dispatch as any life 
threatening anomaly. A total of 18 children with ambiguous 
genitalia have been evaluated and treated in the past two 
years including nine females with virilizing adreno-genital 
syndrome, three infants with mixed gonadal dysgenesis, two 
infants with dysgenetic male pseudohermaphroditism, two 
males with severe perineal hypospadias, bifid scrotum, and 
undescended testicles, and two females with cloacal de- 
formities. Precise diagnosis and most importantly proper 
gender assignments were made in 11 neonates by cytogenetic, 
biochemical, and miniaturized endoscopic techniques. Subse- 
quent surgical reconstruction is governed by existing anatomy, 
not genetic sex, and has been completed in six children 
two to two and half years of age. Most are reconstructed as 
females with recession of the enlarged clitoris and vaginoplasty. 
Males with hypospadias are handled by standard techniques. 
Seven previously evaluated patients had been lost to follow-up 
for up to 13 years and were recently reconstructed. Surgical 
treatment in five older children with extreme virilization and 
moderate to severe gender confusion was technically successful 
but associated with pronounced emotional difficulties. Worse 
than delay in gender assignment, is making the wrong 
gender assignment, or failing to follow through with the 
original plan at an early age. Sample cases from each of 
these categories are presented in detail to illustrate the 
innovations in the diagnostic and therapeituc management of 
these children. 


HE ASSIGNMENT OF GENDER to an infant at the time 
T of birth is usually a simple process based on a 
quick examination of the external genitalia. When the 
child is born with ambiguous genitalia, however, this 
assignment is often approached with considerable con- 
fusion and embarrassment on the part of the attending 
physicians and shame or guilt on the part of the parents. 
These children present a significant diagnostic and 
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therapeutic challenge to pediatricians and surgeons 
alike. Although many birth defects are a threat to life 
if left uncorrected, the problem of ambiguous genitalia 
if poorly or incorrectly handled can lead to a lifetime 
of unhappiness for both parent and child. Therefore, 
the exact nature of the defect must be determined 
quickly so a definite plan of management can be 
presented to parents before the infant's discharge to 
allow them to rear the child in a socially acceptable 
role.! 

Advances in the field of genetics, biochemistry and 
experimental embryology as well as newer surgical 
diagnostic and reconstructive techniques fortunately 
make it possible to complete these evaluations in the 
neonatal period. Experience tells us that gender is a 
learned role and firmly entrenched at the age of 18 
months to two years. A delay in making a gender assign- 
ment or assignment of the wrong gender requiring a 
change after this time is often fraught with emotional 
trauma and social disaster.? This is emphasized by 
the female with virilizing adrenogenital syndrome who 
is reared as a male, only to have the onset of normal 
menses at puberty heralded by hematuria, and find out 
that he (she) is a perfectly normal female. 

The existing anatomy and not genetic sex is the prime 
determinant of gender assignment. It is quite a straight- 
forward matter to fashion a set of functional female 
genitalia for satisfactory sexual performance and nor- 
mal socio-sexual development. On the other hand, it is 
almost impossible to reconstruct a satisfactory penis. 
The majority of these children, therefore, should be 
assigned to the female gender and reconstructed ac- 
cordingly. The rare exception is the male with severe 
perineal hypospadias or the true hermaphrodite with a 
satisfactory phallus. 
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This report will present our experience with the 
newer diagnostic and reconstructive techniques used in 
this interesting group of patients. 


Materials and Methods 


From July, 1974 to December, 1976, 18 children 
with ambiguous genitalia have been evaluated and 
treated at Louisville Children's Hospital including nine 
females with virilizing congenital adrenal hyperplasia 
(CAH), three infants with mixed gonadal dysgenesis 
(MGD), two infants with dysgenetic male pseudo- 
hermaphroditism, two males with perineal hypo- 
spadias, bifid scrotum and undescended testes and two 
females with cloacal deformities (Table 1). Eleven of 
these children were seen initially as neonates and 
after appropriate diagnostic studies, were given proper 
gender assignment and a plan for later reconstruction. 
Six of these have been successfully reconstructed. 

Seven patients who were initially evaluated at this 
institution and lost to follow-up for four to 13 years 
were re-evaluated by this author and have all been 
reconstructed. Five of these children were older than 
five years at the time of evaluation and represent 
a very difficult group. Illustrative cases from each of 
the above categories will be presented in detail. 


Diagnostic Techniques 


Using Federman's? classification, the four aberra- 
tions of sexual development causing ambiguous geni- 
talia in the newborn arise from two basic disorders: 
1) Disorders of gonadogenesis including true her- 
maphroditism, mixed gonadal dysgenesis and male 
pseudohermaphroditism. 2) Disorders of endo- 
crinology which include female pseudohermaphro- 
_ ditism caused by congenital adrenal hyperplasia or 
the maternal ingestion of androgenic drugs. 

Although most of these syndromes tend to produce 
varying degrees of virilization of a female external 
phenotype, the male infant with hypospadias and the 
female infant with a cloacal-type deformity may also 
present with clinical ambiguity. Proper diagnosis and 
evaluation involve a thorough history, a carefue physi- 
cal examination, sex chromatin determination, 
chromosome analysis, thorough x-ray examination, 
biochemical testing, endoscopy, and occasionally 
laparotomy and gonad biopsy. 

A thorough history must determine the presence of 
maternal ingestion of potentially androgenic sub- 
stances during the pregnancy, most commonly, pro- 
gestational hormones administered for habitual abor- 
tion. Similar abnormalities occurring in family 
members, or siblings who have died early in infancy 
because of excessive salt loss are also important in 
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TABLE 1. Children with Ambiguous Genitalia 





Seen Lost to 
Primarily Followup; 
as Referred 
Neonate Later 
Congenital adrenal hyperplasia 2 7 
Mixed gonadal dysgenesis 3 0 
Male pseudohermaphroditism 2 0 
Male with perineal hypospadias 2 0 
Female with cloaca 2 0 
11 7 


the family history. The appearance of an inguinal 
hernia in a female relative containing a gonad is 
noteworthy as well as the occurrence in other children 
of amenorrhea at the time of puberty. 

Physical examination of the external genitalia as 
well as the entire patient is essential in assessing the 
anatomic situation. The size of the phallic structure is 
an important determinant of later reconstructive ef- 
forts. The degree of labial-scrotal fusion, scrotaliza- 
tion of the labia, the presence or absence of gonads in 
the labia, the position of single perineal oriface and 
the palpation of internal female structures by rectal 
examination should be carefully noted. What at first 
glance appears to be a male child with hypospadias 
and bilaterally undescended testes is quite often a 
complex intersex anomaly. The presence of inguinal 
hernias containing gonads in the labia of the female 
child should raise the suspicion of testes or ovotestes. 

Nuclear chromatin study from a Buccal smear is 
performed in all cases. This test is not valid until 24— 
48 hours after birth when genetic female children 
typically have greater than 20% Barr body positive 
cells and male children have fewer than 1-2% 
positive.? 

Cytogenetic studies now offer the most precise dif- 
ferentiation of the disorders of gonadogenesis and 
readily explain many of the more interesting intersex 
anomalies. Nondisjunction, anaphase lag and chromo- 
somal deletions occurring during both mitosis and 
meiosis are responsible for most of the chromosomal 
aberrations and mosaicisms found in hermaphroditism 
and mixed gonadal dysgenesis.? Determination of the 
total number of chromosomes and the number and type 
of sex chromosomes should be performed routinely. 

Proper x-ray examination of the genito-urinary tract 
is essential for exact anatomic delineation of these 
anomalies. Conventional cysto-urethrography may be 
misleading in determining the presence or absence 
of a vagina within the single perineal opening.? Accord- 
ingly, we prefer to use the "flush genitogram’’ as 
advocated by Hendren et al. This is performed by 
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Fic. 1. Anatomy of adreno- 
genital syndrome (after 
Hendren, copyright Year 
Book Medical Publishers, 
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placing a blunt-tip syringe of dye in the single 
perineal opening. Dye-flushed retrograde will then 
better disclose the presence of a vaginal cavity branch- 
ing off the common urogenital sinus. However, a nega- 
tive x-ray examination should never be taken as solid 
evidence against the presence of a vagina and other 
internal mullerian structures. 

Biochemical tests of both urine and plasma have 
pinpointed very precisely some of the complex dis- 
orders of steroid synthesis associated with congenital 
adrenal hyperplasia and the androgen unresponsive- 
ness of male pseudohermaphroditism. In the former, 
specific enzyme blocks in steroid synthesis result in 
excess circulating androgenic substances causing 
virilization of the developing female embryo. In the 
latter, there is apparent unresponsiveness of the ex- 
ternal genital anlagen to normal circulating androgen.” 
In neither case must the delineation of the specific 
hormonal defect delay proper gender assignment and 
parental counseling. 

The use of miniature fiber optic endoscopes has been 
a major breakthrough in the diagnosis and treatment of 
genito-urinary conditions in the neonate. We routinely 
endoscope the perineal opening in all patients in the 
neonatal period. In combination with the above men- 
tioned x-ray studies, and the use of the infant laparo- 
scope, we can ascertain internal and external genital 
anatomy and thereby accurately plan reconstruction. 
Of extreme importance in the child with virilizing CAH 
is the precise location of the vaginal opening in rela- 
tion to the external urethral sphincter which must be 
preserved in reconstructive efforts in order to maintain 
continence. When the vaginal opening is proximal to 
the spincter, a much different operative approach is 
required.* 


enters proximal to the ex- 
ternal urethral sphincter. 
Reconstruction requires 
"Upull-through" vagino- 
plasty. 





Although still used, laparotomy and gonad biopsy 
are gradually being replaced by the use of the infant 
laparoscope. The quality of these endoscopes and 
their miniaturization make this an extremely safe and 
useful procedure.’ In cases such as mixed gonadal 
dysgenesis, however, removal of the dysgenetic gonads 
at the time of definitive reconstruction is carried 
out via laparotomy. 


Sample Cases and Reconstructive Techniques 


The reconstructive techniques utilized are well 
described in the excellent monograph by Hendren and 
Crawford.? In most instances, we strongly advocate 
total reconstruction of these children between the age 
of two to three years. At this age, the anatomy is quite 
acceptable for precise repair with an excellent cosmetic 
and functional result. Further, many of the emotional 
problems we have seen in the delayed repairs in older 
children are avoided.! In cases of complete absence 
of the vagina or a short vaginal remnant without in- 
ternal mullerian structures, we would defer the 
McIndoe type skin graft vaginoplasty to early puberty.’ 


Neonates 


Congenital adrenal hyperplasia. The most common 
cause of ambiguous genitalia is congenital adrenal 
hyperplasia (CAH) in the female patient. This is also 
commonly called adrenogenital syndrome or female 
pseudohermaphroditism. These genotypically normal 
female children present with varying degrees of viriliza- 
tion in the newborn resulting in ambiguity. Frequently. 
there is a history of similarly-affected children within 
the family or in instances of non-adrenal female pseudo- 
hermaphroditism, of maternal drug ingestion. Physical 
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examination reveals a large phallus with a single 
perineal opening usually at its base, scrotalized empty 
labia, and an easily palpable set of normal female 
internal structures on rectal examination. The Buccal 
smear is always chromatin positive and cytogenetic 
studies disclose a normal 46 XX chromosome pattern. 

Urinary and plasma steroid levels will often pinpoint 
the exact block in steroid synthesis. Of extreme im- 
portance in this group is the recognition of the salt- 
losing variety which can present in infancy with 
extreme dehydration from vomiting and the typical- 
findings of hyponatremia and hyperkalemia. Urgent 
supportive care is needed to correct these metabolic 
defects before any consideration of the underlying 
anatomy is undertaken. 

These infants should be reared female and will have 
normal fertility and the ability to bear children. Proper 
reconstruction towards this end requires precise 
anatomic diagnosis by x-ray examination and endos- 
copy. Laparotomy or laparoscopy is not necessary. 
The parents are counseled and a plan for reconstruc- 
tion at the age of 2-3 years is made. The most com- 
mon anatomic finding is the vagina and urethra opening 
jointly through a common urogenital sinus into the 
perineum (Fig. 1A). Repair involves an inverted flap- 
type vaginoplasty in which the single perineal opening 
is incised posteriorly and then an inverted U-shaped 
flap of skin is raised and sutured to the posterior vaginal 
wall which lies just behind the perineum. Rarely 
when the anatomy is as is shown in Figure 1B, with the 
vagina braching off a long male type urethra proximal 
to the external sphincter, a more extensive pull- 
through type vaginoplasty is performed. This tech- 
nically difficult operation is greatly aided by the 
endoscopic placement of a Fogerty balloon catheter 
into the vaginal orifice prior to the perineal dissection.4 

The treatment of the enlarged clitoris in the past 
has often been clitoridectomy. We prefer to recess the 
clitoris behind the pubic ramus allowing for a com- 
pletely normal cosmetic appearance of the perineum 
and the preservation of this very important sexual 
organ.?!! 


Case Reports 


Case 1. A neonate was referred for evaluation of ambiguous 
genitalia consisting of an enlarged phallic structure, scrotalized 
labia and a single perineal opening (Fig. 2). Evaluation disclosed a 
normal female chromosome pattern, positive buccal smear and 
palpable female internal structures on rectal examination. Bio- 
chemical studies confirmed CAH of the non-salt-losing variety. 
Flush genitogram and endoscopy showed a normal vagina arising 
just behind the single perineal opening at the apex of which was 
a normal cervix. Steroid suppression was instituted and the parents 
counseled regarding gender assignment and appropriate later re- 
construction. The child returned at the age of two and a half years 
and underwent a flap vaginoplasty and clitoral reduction without 
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Fic. 2. Case 1. Congenital 
adrenal hyperplasia with large 
phallus, scrotalized labia. 





difficulty (Fig. 3). Vaginal dilatations were done daily at home 
after discharge for a period of six months. The child is now 
quite a normal female with a normal-looking female perineum. 

Case 2. A female infant born to a family with one previous male 
child known to have salt-losing CAH was found to have the same 
condition with resultant virilization. The external genitalia were 
similar to Case l. X-ray examination and endoscopy showed 
the less common anatomy with the vagina branching off a long 
male-type urethra proximal to the external sphincter (Fig. 4). 
Steroid suppression was begun and the parents were counseled 
regarding future reconstruction. At the age of two and a half years, 
the child returned and a pull-through vaginoplasty and clitoris re- 
duction were performed (Fig. 5). The child remained on home 
vaginal dilatations for 6 months. 


Mixed Gonadal Dysgenesis 


Mixed gonadal dysgenesis, a non-familial disorder, is 
the next most common cause of ambiguous genitalia 
and is characterized by external anatomy similar to in- 
fants with CAH. The internal anatomic features include 
a common urogenital sinus containing both vagina 
and urethra, a rudimentary uterus and most commonly, 
dysgenetic gonads in the form of a testis or ovotestis 
on one side and a streak ovary on the other. The buccal 


Fic. 3. Case 1. After clitoral 
reduction and flap vagino- 
plasty. 
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smear is routinely negative and chromosome analysis 
reveals a very interesting array of differing mosaicisms 
containing at least one set of chromosomes with the XO 
genotype, XO/XY being the most common. These 
children are all infertile. Female gender is assigned at 
birth and reconstruction carried out at the age of two 
to three years. At the same time the dysgenetic gonads 
are removed by laparotomy because of an increased 
incidence of malignancy and to prevent further viriliza- 
tion at the time of puberty.” 

Case 3. A newborn infant was referred to our institution for 
evaluation of an enlarged phallus, a single perineal opening and 
scrotalization of the labia. Maternal and family history were nega- 
tive. Chromosome studies disclosed a 46 XO/XY chromosome 
mosaicism. Buccal smear was negative. X-ray studies and endos- 


Fic. 5. Case 2. After pull- 
through vaginoplasty and 
clitoral reduction. 
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Fic. 4. Case 2. Congenital 
adrenal hyperplasia ‘flush 
genitogram’. Note high 
position of vaginal fistula 
proximal to external 
urethral sphincter. 


copy showed a common urogenital sinus with a normal capacious 
vagina and urethra just behind the single perineal opening. 
Laparoscopy revealed a small uterus and a streak ovary on the 
left side and an ovotestis on the right. The parents were informed 
the child would be infertile but would be reconstructed as a female 
capable of a normal social role and sexual performance. At two 
years of age, a flap-type vaginoplasty and clitoral reduction were 
peformed without difficulty. Under the same anesthesia, the ab- 
normal gonads were removed by a pelvic laparotomy. 


Male Pseudohermaphroditism 


Male pseudohermaphroditism occurs in both a 
familial and non-familial or dysgenetic form. The most 
common of the familial types is the testicular feminiza- 
tion syndrome, a sex-linked recessive trait which 
most commonly goes unrecognized until puberty. 
These children appear as perfectly normal pheno- 
typic females with rarely any virilization or ambiguity. 
Attention is occasionally sought in the newborn 
period if the child develops an inguinal hernia found 
to contain a testis at the time of repair. During adoles- 
cence, these children frequently seek attention because 
of amenorrhea. They are genotypically normal male 
individuals with a 46 XY chromosome pattern, andro- 
gen producing testes, and no internal mullerian struc- 
tures. This syndrome is the result of androgen unre- 
sponsiveness of the external genital anlagen which 
therefore passively develops as female. Because of the 
presence of testicular mullerian inhibitor substance 
from the normal testis, there are no internal female 
structures.? When discovered, gonadectomy is ad- 
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Fic. 6. Case 4. Dysgenetic 
male pseudohermaphro- 
ditism, enlarged phallus 
and bilateral labial masses. 


vised and they are continued in their female role with 
appropriate hormonal support. 

Dysgenetic male pseudohermaphroditism includes an 
ill-defined group of children with what appears to be 
an androgen subresponsiveness in some and in others 
the etiology is completely unclear. A variety of 


Fic. 7. Severe male hypo- 
spadias. Note similarity to 
other intersex anomalies. 
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chromosomal mosaic patterns are found in these chil- 
dren as well as the normal 46 XY male pattern.? These 
individuals are usually chromatin negative. The ma- 
jority present with true ambiguity at birth with an 
enlarged phallus and a rudimentary vagina behind a 
common single perineal opening. Reconstruction is 
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Fic. 8. Case 7. Congenital 
adrenal hyperplasia at six 
years of age. Note extreme 
virilization. 


again toward the female gender and the dysgenetic 
gonads, usually ovotestes or testes, are removed. 
In the neonatal period, these children may also present 


with inguinal hernias containing the abnormal gonad. 
Case 4. This infant was referred to Children's Hospital shortly 
after birth because of an enlarged phallus and the presence of bilateral 
labial masses and a single perineal opening (Fig. 6). X-ray examina- 
tion and endoscopy showed a normal urethra and a small blind- 
ending vaginal remnant off the urethra just inside the perineal 
oriface. Laparoscopy revealed no internal mullerian structures. 
Chromatin study was negative and chromosome analysis showed 
a normal male-type 46 XY pattern. The female gender was 
decided upon and the parents were counseled regarding the prob- 
lems of reconstruction and infertility. At the age of two years a 
standard flap-type vaginoplasty and clitoral reduction were per- 
formed along with gonadectomy. Although this produces a normal 
appearing introitus, the small vaginal remnant will need increased 
depth later as can be provided by a McIndoe-type vaginoplasty.* 


Males with Perineal Hypospadias 


Perineal hypospadias in the male, which can be re- 
garded as a failure of full virilization, may also present 
with apparent ambiguity especially if associated with 
bilateral cryptorchidism. The primary differentiating 


Fic. 9. Case 7. After clitoral 
reduction and flap vagino- 
plasty. 
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features which determine male reconstructive efforts 
are adequate penile length despite severe ventral 
curvature, normal testes, normal 46 XY chromosomes, 
and a normal male urethra with no vaginal remnant 
or other mullerian structures on endoscopy. A variety 
of excellent methods for correcting hypospadias are 
are currently available.?:5:?? 

Case 5. This neonate was noted to have multiple congenital 
anomalies at birth including a ventricular septal defect and 
abnormal genitalia consisting of a ventrally curved penis, perineal 
hypospadias, a bifid scrotum and bilateral cryptorchidism (Fig. 7). 
Gonads were palpable in the inguinal canals. X-ray examination 
and endoscopy revealed a normal male urethra with no vaginal 
remnant. Chromosomes were normal male 46 XY. Staged repair 
was carried out beginning at age 2/2 years and has been completed 
at the present time. 


Cloacal Deformities 


Infant females with cloacal deformities often have 
clinically puzzling genitalia primarily because of the 
presence of a single small perineal opening and no ob- 
vious vaginal outlet. These patients are otherwise 
normal genotypic and phenotypic females. This is a 
complex anomaly, a variant of imperforate anus, with 
varied internal anatomy that requires precise x-ray 
and endoscopic evaluation in addition to a colostomy 
in the newborn period. Endoscopy via the single 
perineal opening reveals the presence of urethra, 
vagina, and colon, emptying into a common single 
cloacal chamber. The vagina is not infrequently bifid 
with duplicated rudimentary uteri.??:!? 

Case 6. A female neonate with obvious imperforate anus and 
a single perineal opening, was explored in the neonatal period for 
performance of a sigmoid colostomy. The pelvic anatomy con- 
sisted of a small uterus-like structure, no Fallopian tubes but 
normal appearing ovaries. Endoscopy later via the single perineal 
opening revealed an anteriorly placed urethra with bilateral ectopic 
ureters entering the bladder neck, a small vaginal opening just 
posterior to the bladder neck and a third posterior opening into the 
colon. At one year of age, an extensive abdominal sacroperineal 
procedure was performed to bring the colon down through the 
puborectalis sling to a normal position in the perineum. At this 
time, a rudimentary bicornuate uterus lying between the colon and 
the urethra was found and removed. The ovaries were preserved. 
At a later time the child will have a McIndoe skin tube vaginoplasty. 


Older Children with Ambiguous Genitalia 


Seven girls with virilizing CAH properly diagnosed 
in the newborn period were lost to follow-up for periods 
of four to 13 years. Although all were reared in the 
female gender, lack of a definitive plan for reconstruc- 
tion, and in three, failure of appropriate steroid sup- 
pression, resulted in multiple physical and emotional 


problems. Two cases illustrate these points. 

Case 7. This six-year-old female with CAH was referred for 
evaluation of extreme virilization of her external genitalia. Plans 
for reconstruction were made in the newborn period but the child 
failed to return to the clinic. Steroid suppression had been sporadic 
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at best and the child now presented with a large phallic structure, 
marked scrotalization of the labia, and a single small perineal open- 
ing (Fig. 8). Re-evaluation by x-ray and endoscopy revealed a 
normal vaginal vault branching low down off the common urogenital 
sinus. A flap-type vaginoplasty and successful reduction of this large 
phallus gave a satisfactory cosmetic result (Fig. 9). The emotional 
impact of this perineal operation in addition to the necessary 
vaginal dilatations at home for six months were accompanied 
by great emotional stress on the part of the parents and the child 
requiring intense psychological support. The child has finally re- 
sumed a normal social-sexual role some two years after surgery. 

Case 8. A 16-year-old female with CAH reappeared in the endo- 
crine clinic for re-evaluation. Diagnosis was made at birth and 
steroid suppression instituted. At five years of age, a total clitoridec- 
tomy was performed without difficulty. Since that time, however, 
steroid management was almost totally lacking and extensive viril- 
ization of the entire body habitus had occurred. Examination revealed 
an adolescent girl with marked male-type hirsutism including a 
beard and a male-type escutcheon, very coarse and muscular 
features, no breast development, a heavy deep voice, and a single 
perineal opening. X-rays and endoscopy revealed a low-type 
anatomic setup with a urogenital sinus and a normal vagina branch- 
ing from this. Successful reconstruction was performed once 
steroid therapy was reinstituted. 

Of importance in this case was the extensive psychological aberra- 
tion that had occurred in this youngster with genuine confusion 
and ambivalence regarding her gender identity. She had adopted a 
pronounced sociopathic behavior pattern with continual difficulty 
with both school and legal authorities. She had few, if any, close 
friends and no meaningful family relationships. This child still has 
pronounced gender identity problems and is under very slowly 
progressive psychiatric therapy. 


Conclusions 


Gender assignment is a neonatal surgical emergency 
and must not be delayed until the child is older. Gender 
roles are learned: an infant can be satisfactorily raised 
as male or female regardless of genetic sex. Change of 
gender after two years or confusion as to gender 
identity during the early social development years often 
results in social disaster. 

Children born with ambiguous genitalia represent a 
diverse group of underlying disorders. They need 
complete diagnostic evaluation in the neonatal period 
at facilities where physicians and surgeons are well- 
versed in the necessary sophisticated laboratory and 
reconstructive techniques. Gender assignment as well 
as plans for reconstruction must be clearly delineated 
for parents at this time and a long-term plan of follow- 
up carefully established making use of the expertise of 
both the endocrinologist and the surgeon. 

In general, we favor total reconstruction of most 


DISCUSSION 


Dr. WILLIAM H. HENDREN, III (Chestnut Hill, Massachusetts): 
I think Dr. Canty has presented some very important concepts, 
in particular, that these babies ought to be handled just like patients 
with an esophageal atresia or a bowel atresia, dealing with them 
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anomalies at about two and one half to three years of age. 
This time seems optimal in terms of the adequate size 
of the anatomy for technical consideration, and avoid- 
ing the obvious emotional problems that may occur 
with more delayed therapy. Well described techniques 
give quite satisfactory functional and cosmetic results. 

In determining the type of surgical reconstruction, 
existing anatomy and not genetic sex is the most impor- 
tant consideration. It is quite feasible to fashion a per- 
fectly functional set of female genitalia but almost im- 
possible to make a functional male phallus. Proper and 
thoughtful discussion and parental counseling in the 
newborn period and continued close follow-up through 
reconstruction and adolescence should lead to normal 
functional sexual performance and socio-sexual adjust- 
ment and avoid a lifetime of unhappiness for the vast 
majority of these children. 
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immediately, in order to make intelligent decisions. And yet we 
still see delays very commonly. 

For example, I saw one delay recently where the family had been 
advised by a Board-certified specialist that the baby was 60% female 
and 40% male, and that the parents should wait a few months and 
then decide what they wanted to do with this baby, which is very 
sad, and it’s not uncommonly happening still today. 
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There have been, as Dr. Canty said, enormous advances in 
cytogenetics and in biochemical understanding of why some of 
these malformations occur. It certainly is necessary for us to work 
with an expert endocrinologist in assessing these patients. 
Nevertheless, it still boils down to what Dr. Gross discussed 25 
years ago, with many of us here, that most of these decisions 
should be made on a common-sense basis, and that the fundamental 
tenet is that a female who is incomplete, and who lacks some 
internal structures, can cope perfectly well socially, but that a male 
who is inadequate is inadequate in his own eyes and in the eyes of 
the females, and therefore he’s a social tragedy. 

Dr. Canty has emphasized tonight, as has Dr. Judson Randolph 
in the past, that it’s better to recess a clitoris than to remove it. 
We have seen a few instances where the clitoris was too large to 
recess adequately. After recession it still seemed fairly prominent. 
In an occasional case we have resected a segment of the corpora, 
as has Dr. Will Goodwin in the past, and this way induce a very 
large clitoris to recess more satisfactorily. 

It will be very important to obtain a long-term follow-up on all of 
these patients, however, because 20 years ago, when we were 
removing the clitoris, thinking that was the right thing to do, we 
didn't have long-term follow-up, which has shown us that a 
clitoridectomy was not a very good idea in some instances. So, I 
think it's going to be very important that these anatomic reconstruc- 
tions that Dr. Canty has shown us have a very careful scrutiny 
20 years from now. 

Finally, I would just like to ask Dr. Canty to define for us: How 
many days do you think is reasonable to spend in working up one 
of these children, before sitting down with the family and coming 
to a very firm decision with them whether they should choose the 
male or the female gender role for one of these unfortunate neonates? 


DR. Max R. Gaspar (Long Beach, California): Many years ago 
I encountered three children, all of whom had testicles in bilateral 
hernial sacs. The first patient was five years old. She was tall, 
somewhat of a tomboy, rather belligerent, and had slightly 
corrugated labia majora. The second patient was the sister of the first 
and was born three weeks after I operated upon the first patient. 
Subsequently, each of these children were proven at operation to 
have no female internal genitalia. 

When the third infant appeared one year later with bilateral 
inguinal herniae with nonreducible gonads, I was suspicious and 
better prepared. At operation, when immature testes were found 
in the hernial sac, I explored the abdomen through a Pfannenstiel 
incision and proved that there was no uterus and no tubes or 
ovaries. A biopsy of the skin taken for chromatin studies showed 
a male pattern. Buccal smears were not available at that time. 

At about the time Dr. Stephen Ganz in Los Angeles also 
operated upon three children with identical problems, that is, 
apparent females with bilateral herniae, immature testicles in the 
hernial sacs, and with no uterus, tubes or ovaries. Two of his patients 
also were siblings, pointing up the familial aspect of this syndrome. 

All six of these patients have been raised as females. All of 
them are nearly six feet tall, a feature that to my knowledge has 
not been noted before. They have very well developed breasts but 
scanty axillary and pubic hair, and, or course, they do not 
menstruate and are sterile, but they have normal female sexual 
inclinations and are sexually active. Two of them are married. Four 
of them have had vaginoplasties. One of the married girls did not 
need a vaginoplasty. 

These cases are presented in order to give a long-term follow-up 
on these six patients and also because Dr. Ganz and I treated our 
patients differently. I did not remove the testes in these patients 
until they became of pubertal age. Ganz removed the immature 
testes in infancy in his patients. Both groups of patients developed 
satisfactorily. There are arguments on both sides. If the immature 
testes are left in, they might secrete enough estrogen to produce 
a smoother feminization at puberty. I would like to ask the authors 
how they would classify these patients and whether they think the 
gonads in such cases as these should be removed in infancy or at 
pubertal age or not at all? 
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DR. JAMES FRANCIS GLENN (Durham, North Carolina): I want to 
make three points that are at slight variance but, indeed, serve to 
embellish what has been said. 

First, I think that all these children can be operated at a very 
early age, and we prefer reconstruction certainly by the time the 
child is two or three months of age, if at all possible; often 
in the neonatal period. 

Secondly. I think it's imperative that we not accept the formerly 
advocated concept that "all of these children should be made 
females since it's easier for them." The concept of a sexually 
functional individual is something that bears close scrutiny, because 
a female who has no internal feminine ductal structures is not a 
functional female. 

Finally, the third point | would make is a very minor one, and 
it relates merely to the anatomy of the urethra and the vagina. We 
must remember that, despite the elegant diagrams, the concept of 
the opening of the vagina distal or proximal to the external 
sphincter is of little import when we're dealing with a female who has 
adrenogenitalism, because female urinary continence is not derived 
from the external sphincter, but from the intrinsic urethral 
mechanism itself. 

Adrenogenitalism is the most common intersex state and the most 
important one is the salt-losing adrenogenital; here is a child five 
days of age with salt-losing adrenogenitalism. This is a profound 
defect, as you can see, but this child was reconstructed completely, 
with vaginoplasty and clitoral recession at ten days of age. This 
child was admitted, by the way, with a potassium of ten. 

(Slide) Here is the vaginogram and cystogram, superimposed 
one on top of the other. 

(Slide) This is a child with a 17-hydroxylation defect, typical 
adrenogenitalism with incomplete fusion of the labia. You don't have 
to do Hardy Hendren's pullthrough with this one. It's a simple 
matter of opening the labia as a YV plasty. 

(Slide) And here is the principle of clitoral recession, denuding 
the shaft, because most of this tissue is redundant skin. And then 
you displace the shaft upward, tunnel downward to a point in front 
of the urethra, bring the glans down, and suture into normal clitoral 
position. Now, this is one of the children we have been able to 
follow for about 12 years. We have something over 200 patients 
now that have presented with various intersex problems, and this 
is one of the early ones. 

(Slide) And here is the way she looks today. Even though it was 
a large clitoris to begin with, it can be preserved, and you can get 
a good anatomical result. 

The true hermaphrodite is yet another problem. These are the 
children who are often thought best made into females. I would 
challenge that very seriously. (slide) This is a child sent to us, having 
been operated on twice, an ovary found on the right and a testicle 
in the labioscrotal fold on the left. The phallus, lifted here, might 
be thought to be inadequate. We operated, removed Fallopian tube 
and ovary from the right groin along with a rudimentary horn of 
uterus. 

(Slide) Here you see the genitalia after we have straightened the 
phallus and done a scrotal transposition procedure. Here is the 
urethroplasty, finally closed. 

(Slide) And here we see the same little boy at seven years of age. 
He has one functional testicle. He has a functional phallus, and 
he has been reconstituted as a male. I really think this is more of 
a functional individual than had we made him a neofemale. 


Dr. JupsoN G. RANDOLPH (Washington, D. C.): I think that this 
is very important information, and some of us who have had an 
interest in this for a while are aware that many of you who do other 
kinds of surgery may sometimes be asked to advise patients like this. 
Dr. Hardy's point about delay for months is certainly something 
that we all see. 

I think Dr. Canty's message that this is a neonatal emergency is 
the one point that we all should carry away from this. Most of us 
here tonight are fathers, and a few of you would admit with pride 
to being grandfathers, and I’m sure you know that there could be 
nothing more upsetting than for the young father to be asked by 
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his friends and cohorts, "Well, is your new baby a boy or a girl?" 
—and he has to answer "They don't know yet." 

The only thing that's worse is for a sex assignment to be made 
on inadequate information, so that the father then has to say a 
month later, "They thought it was a boy, but it’s a girl." So Dr. 
Canty's information, so beautifully illustrated, is very timely, and a 
message, I hope, that has been well received by all of you. 

I'd like to just mention in the discussion a form of clitoral 
recession that we have employed since 1964. Prior to that time Dr. 
Gross had recommended clitorectomy, and this was done for years, 
thinking that this was necessary for good cosmetic results; yet it 
turns out that many of these clitorides—the plural of clitoris is 
clitorides, and it's related in some way to the Pleiades, I’m told 
— can be recessed, as Dr. Canty has shown us. 

I'd like to just show a couple of slides a little bit at variance to the 
ones Dr. Glenn showed us, because we think it's important to put 
the clitoris back behind the inner symphyseal ligament, (slide) as vou 
see here, and move it back, and then cover it with the mons, rather 
than pushing it downward, as Dr. Glenn showed us. 

At the operation one of the things to remember is how much 
shaft there is. And this is not easily covered up, I think, and is better 
replaced behind the symphysis. They do not look good afterwards, 
immediately. The question is not how do they look, but how are 
they going to function 15 years later. And our series is just now 
getting to the point where we can begin to evaluate these youngsters 
in their late adolescence with respect to sex function. 

We have had to do eight clitorectomies. We have done the 
clitoroplasty 29 times, with good results except for four patients, 
two of whom responded well to repeat clitoroplasty, and two of 
whom required clitorectomy because the organ was just too large. 

The vaginal repair, as Dr. Canty has said, is often a simple 
procedure. The atresia we have had to operate upon, performing 
with the operation which I have attributed to Dr. Hardy 
Hendren, and others have contributed to. It's a complicated 
operation, and I have said it's given “a good result —?", because 
I don't know how these youngsters are going to function years 
later. 

I think that it is an emergency. We believe that the sex 
assignment should be made as early as possible, and I agree that 
the family, the (perhaps) minister, and others should contribute to 
this, with the proper information. 

I think, by the way, that not all true hermaphrodites can 
be male or female; that in this group there are choices to be 
made, depending on the genitalia. 

I'dlike to ask Dr. Canty if in any of the youngsters he studied in the 
late follow-up that came back, has he had a chance to assess their 
sexual function yet? Are they old enough? Did they return at a late 
enough date? Because this is the other major problem in these 
youngsters. 


DR. MILTON T. EDGERTON, JR. (Charlottesville, Virginia): I think 
the desirability of early surgical intervention has been stressed 
adequately. I would particularly like to second the suggestion 
of Dr. Glenn that we must not continue to accept the principle of 
surgically altering all children with ambiguous genitalia into females 
just because its anatomically easier to do. 

I have treated, over the last ten years, two children with male 
chromosome patterns on whom a feminizing surgical policy has 
been followed. Both developed psychologic problems even though 
they have been carefully reared environmentally as females. Both 
requested that they be converted to males when they reached the 
teenage years. This created an extremely difficult surgical problem. 

Phalloplasty is now practical. The techniques are not perfect. 
It's not as easy as making a vagina; but good procedures are 
available. I would strongly support the general concept that genetic 
males should be raised and reconstructed males. 

We have gotten information recently from observations of the 
transsexual population that is adding a new wrinkle to our under- 
standing of gender. It would appear that neither the anatomical 
appearance of the genetalia nor the genetic nuclear patterns (as 
evidenced by the Barr bodies) are primary determinants of gender. 
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There are certain individuals whose "psychologic" gender over- 
whelms and dominates both of these factors. How should such 
observations be considered in the management of the child with 
ambiguous genitalia? —It is clear that we have not quite solved this 
problem. Formerly we believed that the raising of a child 
with the full environmental support of one gender would establish 
that gender firmly in adult life. We know now that environmental 
and surgical effects may not always eliminate these conflicts. 
Perhaps, Dr. Canty, you would comment on this aspect. 


Dr. TiMorHY G. Canty (Closing discussion): In answer to all of 
the discussants, what we must pay particular attention to is the 
question of long-term follow-up, for all of the questions raised by 
the discussants—that is, whether these children should be re- 
constructed as male, female; whether clitorises should be recessed, 
resected, what have you. Long-term follow-up. of which there isn't 
enough available right now, is going to be the answer to many of 
these questions. All of the discussants stressed this. This is 
terribly important. 

In specific answer to Dr. Randolph's question, we have no 
long-term adult-type follow-up of any of the youngsters we have 
reconstructed. The only three older children we have had— three 
16-year-olds who, unfortunately, were delayed in their management, 
and had an extreme confusion about their gender, even though they 
are the best and most favorable group, namely, the adrenogenitals, 
who were converted finally at 16 years of age to their normal 
anatomic set-up; i.e., female. They had so much gender confusion, 
as I mentioned in the paper, that many of them became sociopathic 
behavior problems. 

In answer to Dr. Hendren's specific question about the time for 
evaluation, I think we can look towards a time period of about four 
to seven days, where we can adequately, completely evaluate these 
infants, and give the parents a very definitive answer about the 
gender of rearing, etc. 

The test that seems to take the longest in our institution is that 
of chromosome analysis, which, as you all know, is a culture 
technique, and takes about two to three days. During this time 
period we move ahead with our X-ray and endoscopy studies, and 
usually at the end of that time period, except in extreme 
circumstances, if laporoscopy etc. is necessary, we have a pretty 
definitive answer about what things are all about, and can then sit 
down with the parents and counsel them about future management. 

In answer to Dr. Gaspar, those are very interesting patients, 
Dr. Gasper, and I think those, as we would well recognize now, 
are all examples of the testicular feminization syndrome, in that 
their familial incidence was so typical, all of them presenting as 
phenotypic females with testes and XY 46 chromosomes. In other 
words, these children are male genotypes, but normal female 
phenotypes, and are best left as females. 

Most, unfortunately, aren't discovered until they are amenorrheic 
at the time of puberty, and/or they develop a hernia some time earlier 
in life. We do advocate removing the testes early on these youngsters, 
for two reasons. One, there is an increased incidence of malignancy, 
although very low at this age group. And secondly, these testes 
may provide problems with further virilization at the time of puberty 
before these children mature. 

In answer to Dr. Glenn, we would certainly agree with operation 
at an early age. We've picked about two years, but I think an earlier 
age is certainly very reasonable. 

In regard to the question whether all these children should be 
reared females, I may have overstressed that point. We don't 
advocate that necessarily, but, rather, let the anatomy dictate our 
choice. And the primary determinant here is the estimation, which 
is of judgmental type, about adequate phallic size. On some of these 
youngsters, I think they probably could be reconstructed as males, 
but this is a tough decision, and if one makes a mistake with it, 
it's a disaster. 

The long-term follow-up, again, of the true hermaphrodite who 
was reconstructed as a male will be the answer. 

We do favor the clitoral recession, as Dr. Hendren, Dr. Randolph, 
and Dr. Glenn showed us. 


Observations on Preservation, Bile Drainage and Rejection 
in 64 Human Orthotopic Liver Allografts 


R. Y. CALNE, F.R.S., P. MCMASTER, F.R.C.S., B. PORTMANN, M.D., W. J. WALL, M.D.,* ROGER WILLIAMS, M.D. 


The combined Cambridge/King’s College Hospital series of 64 
orthotopic liver grafts’ experience dates back to 1968. Many 
patients were referred for liver grafting late in the course of 
their diseases and were operated on when they were too ill 
or died before suitable livers could be found. Complications 
of biliary drainage were the most frequent causes of death. 
In the past two years we have acquired experience of a method 
of liver preservation which permits up to 8 hours of safe 
storage without any complicated machines and we have been 
able to transport 22 livers by air and road from other insti- 
tutions to our own unit. This has enlarged the pool of potential 
donors and therefore reduced the average waiting time for a 
liver transplant. A new method of biliary drainage has been 
employed in 24 patients using the vascularised gall bladder 
as a conduit between the donor and recipient common ducts. 
This has resulted in a marked reduction in early postopera- 
tive complications of biliary fistula and obstructed bile drain- 
age. Now that survival has improved, it has become clear 
that uncontrollable rejection of the allografted liver in man 
is much less severe than that experienced with kidney trans- 
plants. The results of liver grafting in our unit during the past 
year are better than those obtained with kidneys from 
cadaver donors. 


E HAVE RECENTLY PUBLISHED Overall results on 

the first 60 patients receiving orthotopic liver 
allografts in the Cambridge/King's College Hospital 
series.? There has been a steady improvement and 
many errors previously made have been recognised and 
are now avoided. It is the purpose of this paper to 
describe the current changes in management of pa- 
tients, to discuss liver preservation, biliary drainage 
and the low incidence of rejection of liver allografts. 


Indications and Overall Results 


In theory, anyone dying from disease primarily con- 
fined to the liver would be a potential candidate for 
liver transplantation. The two disease categories that 
need consideration are non-neoplastic parenchymatous 
liver disease, in particular most forms of cirrhosis, 
and primary malignancy of the liver. The results of 
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liver grafting for metastatic tumor have been poor due 
to early tumor recurrence. Preoperative assessment 
is seldom straightforward. The prognosis of parenchym- 
atous liver disease is notoriously variable and the timing 
of the operation is of great importance. Liver grafting 
should be considered the first day it is clear that the 
patient will not be discharged from hospital. It is use- 
less to wait until the patient is moribund with hypo- 
static pneumonia, since there is no adequate artificial 
substitute for liver function that can improve the pa- 
tients condition. Primary malignancy of the liver 
should be treated by partial hepatic resection when this 
is possible. If, however, both lobes are involved liver 
transplantation may be considered. Australia anti- 
genaemia is not a contraindication to transplantation, 
although rigorous precautions are required to prevent 
disseminating infection. One of our patients with 
Australia antigenemia and a hepatoma received hyper- 
immune gamma-globulin following removal of the dis- 
eased liver, before the graft was revascularised. 
His blood is now free from Australia antigen more 
than a year after operation.? The prognosis of acute 
liver failure is difficult to predict. Fatal downhill 
progress is usually rapid and liver grafting is therefore 
unlikely to be suitable treatment. Infection is contrain- 
dication to liver transplantation. Most patients who 
have received liver grafts, when there has been es- 
tablished infection in any part of the body prior to 
surgery, have died from progressive, uncontrollable 
sepsis. 

Thirty-eight of our patients suffered from malignancy 
of the liver, four of these had metastatic liver tumor. 
Twenty-six patients had non-malignant liver disease, 
cirrhotic processes constituting the majority (Table 1). 
The median age of the patients was 43 years, the oldest 
65. Only five patients were aged 17 or under. One was 
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TABLE 1. Indications for Orthotopic Liver Grafting 





Primary cancer of liver and bile ducts 
Hepatocellular carcinoma 20 
Cholangiocarcinoma 12 
Kupffer cell sarcoma 1 
Haemangioendothelioma 1 

Metastatic cancer of the liver 

Cirrhosis 
Cryptogenic 
Primary biliary 
Alcoholic 
Post hepatitis 
Secondary biliary 
Subacute hepatic necrosis 
Sclerosing cholangitis 
Haemachromatosis 
Galactosaemia 

Budd-Chiari syndrome 2 

Extrahepatic biliary atresia 2 


34 


N 
NA 


— — ot DD WP ~~) 


64 patients treated 2nd May 1968—7th March 1977. 


aged under 11 years, an infant of ten months with biliary 
atresia. Of the 35 patients operated on before 1975, 11 
died within the first week after operation but there were 
no deaths within this period in the 29 cases operated 
on from 1975 and 14 of these 29 patients are alive. Six 
patients lived more than a year. Of the 15 patients 
currently alive, one has survived more than three years 
after operation. The longest survivor in the series 
lived five years and three months (Table 2). Although 
a variety of complications may in each individual case 
contribute to a fatal outcome, the primary cause of 
death as shown in Table 3 was most frequently due to 
complications of biliary drainage. Recurrent tumor and 
sepsis in the presence of satisfactory biliary drainage 
were next in frequency. Unmanageable rejection was 
responsible for death in only four patients. The im- 
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proved peri-operative survival since 1975 is believed to 
be due to increased experience in the anesthetic 
management of the patients during operation and better 
quality donor organs. During the operation great care 
is taken when the vena cava is clamped above the liver 
to ensure that there is sufficient infusion of blood to the 
superior vena cava since the return of blood to the heart 
may be reduced by more than 50%. Prior to revascular- 
isation of the liver, the organ is flushed through the 
portal vein with 400 ml of plasma protein fraction at 
room temperature to remove potassium ions and acid 
metabolites. It is important that there should be a con- 
tinuous dialogue between the surgeon and the anaes- 
thetist so that major cardiovascular and metabolic 
changes are anticipated and corrected before serious 
abnormalities occur. All blood transfused to the patient 
is filtered. General anesthesia is supplemented by an 
epidural block, which is continued postoperatively. 
This enables the patient to sit up, inspire deeply and 
cough during the early postoperative period. We be- 
lieve this has reduced the incidence of postoperative 
pulmonary complications. i 


Liver Preservation 


Removal of the liver from a "^ heart beating cadaver" 
provides the most perfectly preserved organ for trans- 
plantation. Until recently in the United Kingdom, 
where the concept of brain death had not been ac- 
cepted, organ removal was started when circulatory 
arrest had occurred following cessation of mechanical 
ventilation. The liver suffered a severe handicap im- 
posed by the ischaemic damage occurring while the 
heartbeat continued perfusing the organ with increas- 


TABLE 2. Survival of 64 Recipients of Orthotopic Liver Allografts 


Died Betewen 
First Week 
and Six Months 


Total 
Performed 


Died Within 
First Week 





1968—1974 35 11 


1975—March 1977 


€ | 


Total 


19 


29 





Survived 
More Than 
One Year 


Died Between 
Six Months 
and One Year 


Alive and Date 
of Allograft 


2 2 
(5 yr 3 mth) 
(2 yr 1 mth) 


4 1 
(1 yr 1 mth) 


1 (19 Feb 74) 


14 (24 Dec 
(30 Dec 
(12 Apr 
(20 Apr 
(3 Oct 
(8 Nov 
(10 Nov 
(19 Nov 
(17 Dec 
(29 Dec 
(3 Feb 
(20 Feb 
(20 Feb 
(7 Mar 


75) 
75) 
76) 
76) 
76) 
76) 
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TABLE 3. Primary Causes of Death and 
' Other Serious Complications 


Deaths i in first postoperative "week : il 
Hemorrhage 
Cardiac arrest 
Pneumonia 
Acute Rejection 

Deaths from complications of biliary 13 
drainage ` 

Deaths from recurrent tumor 9 

Deaths from sepsis in the presence of 8 
satisfactory biliary drainage 

Deaths from chronic rejection 

Other causes of death: 

Thrombosis of IVC and portal vein 
Hepatic artery thrombosis 
Spontaneous colonic perforation 
Myocardial infarction 

Other serious complications: 
Reticulum cell sarcoma 


= — a CN 


Cn w 


aA o e b 


In patient dying after 6 
months from sepsis 

In patient surviving more 
than 3 years 

In patient dying after one 
year from recurrent 
cholangiocarcinoma 


Operative cardiac arrest Success- 
fully resuscitated 

Development of adenocarcinoma of 
` rectum 


* One of these patients had suffered from the Budd-Chiari syn- 
drome and was not anticoagulated postoperatively. 


ingly deoxygenated and acidic blood. In the past two 
years it has been possible to commence liver removal, 
either immediately after cessation of mechanical 
ventilation or while ventilation continued. Fifteen of 
the last 21 livers transplanted have been removed from 
‘‘heart-beating cadavers.” The initial cooling of the 
liver is peformed in situ through the portal vein with 
gravity drainage of Hartmann’s solution at 4°, After 
infusion of 1.5-2 litrés of this solution the flush is 
changed to an ice-cold protein fraction with additives.* 

Seven hundred milliliters of this solution are infused 
through the portal vein and another 300 ml via the 
hepatic artery. The liver is then stored in ice-cold 
saline in a sterile container surrounded by ice.“ Since 
1973, 22 livers have been preserved by this method 
and transported to Cambridge or King’s College Hos- 
pital from institutions between 28 and 200 miles away. 
The ischemia times have ranged from two hours to 
seven hours 50 minutes. All the recipients had good or 
excellent postoperative function of their liver grafts. 
With such a simple and satisfactory short-term preser- 
vation technique we doubt whether there is a need for 
complicated perfusion apparatus. The shortage of liver 
donors has necessitated the use of extremely poorly 
matched donors. This does not seem to have affected 
adversely the results of clinical liver grafting. Indeed, 


* To each 800 ml of PPF is added: 2000 IU Heparin, 250 mg 
Hydrocortisone, $00 mg Ampicillin, 6 ml 0.1 N HCl, 5 ml. of 
10% Magnesium Sulphate, 250 mg Dextrose, 15 mEq Potassium 
Phosphate: 
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grafts have functioned well in the presence of strong 
specific anti-donor cytotoxic antibodies and when A, 
B, O incompatible donor livers have béen trans- 
planted. To transplant kidneys with similar, ap- 
parently overwhelming, immunological disadvantages 
would be courting disaster. 


Bile Drainage 


This is the technical Achilles’ heel of liver trans- 
plantation. Approximately 50% of our patients and 
those in the Denver series have developed serious 
biliary tract complications and this figure would proba- 
bly be higher if patients succumbing in the earlier post- 
operative phase had survived longer. Direct due-to- 
duct drainage may fail because of a poor blood supply 
to the lower end of the donor common duct and tension 
on the anastomosis. The protective defence of the 
sphincter of Oddi against infection is however retained. 
In experimental animals if the sphincter of Oddi is by- 
passed cholangitis is an almost invariable sequel. This 





Fic. 1. Pedicle graft conduit with donor gall bladder. Hartmann's 
pouch is anastomosed to donor common duct and fundus anas- 
tomosed to recipient common duct. Irrigating T-tube is inserted 
with irrigating arm through upper anastomosis. Blood supply to 
gall bladder is carefully preserved. (By courtesy of the Br. Med. J.). 
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complication has been common in man when bile 
drainage has been into the duodenum bypassing the 
sphincter. Techniques utilising the gall bladder have 
had the disadvantages of the narrow cystic duct which 
may become blocked and the blind sump end of the 
common duct distal to the entrance of the cystic duct, 
in which bile sludge may accumulate. 

Since November 1973 Starzl has favoured using a 
long Roux loop to avoid ascending infection and 
anastomosing this to the gall bladder or the common 
bile duct.'! We feel that the objective of biliary drainage 
should be to preserve the sphincter of Oddi, to provide 
a wide anastomosis with a good blood supply, to have 
no sump for the accumulation of biliary sludge and to 
have ready access to the biliary ducts for irrigation 
and diagnostic radiography. These objectives are 
obtained with a new gall bladder conduit technique 
that we have used in 24 of the last 29 cases.! In two 
patients the conduit was constructed as a secondary pro- 
cedure after breakdown of duct-to-duct anastomoses. 
The remaining 22 conduits were the primary method of 
drainage. The gall bladder is mobilised leaving its blood 
supply intact. The donor common duct is trimmed back 
and cut obliquely to provide a wide anastomosis and a 
good blood supply. Hartmann's pouch of the donor 
gall bladder is anastomosed to the donor common duct. 
The fundus of the gall bladder is anastomosed to the 
obliquely cut recipient common duct. The anastomoses 
are splinted with a specially constructed T-tube with 
a narrow gauge irrigating arm, threaded through the 
proximal anastomosis (Fig. 1). One to two litres of 
heparinised normal saline are infused by a drip set 
through the irrigating tube each day for the first ten 
days after operation. If cholangiography (Fig. 2) is then 
satisfactory, further flushing is stopped and the T-tube 
is spigotted. It had been our policy to leave the T-tube 
in place without disturbance provided there were no 
complications. In two patients the tubes fell out after a 
month. One tube has been in place for more than a year. 
In view of the danger of infection and obstruction of 
drainage by the tube we now believe that the T-tube 
should be removed after three months if cholangiog- 
raphy shows adequate drainage. Although the follow- 
up is short, in each patient biliary drainage has been 
initially satisfactory and the incidence of biliary leakage 
and obstruction of bile flow has been markedly reduced 
(Table 4). In two patients with secondary biliary cir- 
rhosis in whom the recipients common duct could 
not be used, the technique was modified by anastomos- 
ing the fundus of the gall bladder conduit to a long 
Roux loop of jejunum (Fig. 3). Of the seven duct-to- 
duct anastomoses in the last 28 cases, two were suc- 
cessfully converted to conduits following fistula forma- 
tion, one became blocked with sludge, the remaining 
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Fic. 2. T-tube cholangiogram of patient with orthotopic allografts 
with gall bladder used as pedicle graft conduit. (By courtesy of 
the Br. Med. J.). 


four drained satisfactorily. Two recent cases had duct- 
to-duct anastomoses because of gall-stones in the donor 
gall bladder. In one case the gall bladder had been 
removed a year previously and in the other, stones 
were found when the liver was removed and a chole- 
cystectomy was therefore performed. Our longest sur- 
viving patient had satisfactory duct-to-duct drainage 
for three years, but the T-tube required changing at 
operation after 16 months. In view of the high compli- 
cation rate of other methods of biliary drainage, we 
would favor the conduit technique if this is possible, 
with a duct-to-duct as the next best biliary drainage 
available. 

Techniques involving anastomosis of the common 
bile duct can be difficult, since there are marked 
variations in calibre of normal human common bile 
ducts; in adults we have seen ducts of 2 mm in diameter 
which accommodate only a small probe and in order to 
perform a satisfactory anastomosis the surgeon may 
require loop magnifying glasses. At the other extreme 
ducts may be as large as 1 cm in diameter. 
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TABLE 4. Complications of Biliary Drainage in 53 Patients Surviving the First Post-operative Week 





Number of Cases 


Technique at Risk 





Duct-to-duct 18 
Gallbladder to common duct 8 
Gallbladder to intestine 5 


31 
New gallbladder conduit technique 20 
Conduit to Roux loop 2 
22 
Totals 53 





* Two fistulas closed by conduit technique. 


Biliary Sludge 


If bile drainage is interfered with in any way, there is 
a likelihood of cholangitis and precipitation of biliary 
constituents forming sludge. This secondary sludge 





v Falciform 
Ligament 


Transverse S ` 
Colon 


Fic. 3. Gall bladder conduit technique used when the recipient 
common bile duct is unsuitable. The fundus of the gall bladder is 
anastomosed to a long Roux loop of jejunum. (By courtesy of the 
World J. Surg.). 





Number With Biliary Blockage 
Complications Fistula by Sludge Deaths 
11 8* 5 4 
5 2 5 5 
4 4 2 
20 14 12 11 
6 2 3 2 
1 0 0 0 
7 2 3 2 
27 16 15 13 





formation has been observed frequently in recipients of 
liver allografts with impaired biliary drainage.'? There 
is another form of biliary sludge which usually pre- 
sents in the first or second postoperative weeks as the 
only demonstrable cause of obstructed bile drainage. 
A major constituent of these cases is collagen (Fig. 4). 
Cholesterol and bilirubin are present in relatively small 
amounts.® The incidence of this primary sludge is not 
known since it has only recently been recognised. It 
produced biliary obstruction in at least six patients. 
The shedding of collagen from the lining of intra- and 
extrahepatic ducts probably follows ischemic necro- 
sis. This damage may be incurred in the transplant 
operation, but could also be the result of rejection. 
In the pig the biliary duct epithelium does not appear to 
be more aggressively rejected than the rest of the liver 
parenchyma, but primary biliary sludge has not been 
observed in porcine liver allografts and we have little 
information on the susceptibility of bile duct epithelium 
to rejection compared with the rest of the liver paren- 
chyma in man (vide infra). Primary sludge can also 
occur late when there has been occlusion of the arterial 
supply to the liver. It was observed after five years 
in one of our patients and after a year in another. Once 
collagen has been liberated into the biliary duct sys- 
tem it cannot be dissolved, but the irrigation in the first 
two weeks is aimed at preventing its accumulation into 
obturating casts, and certainly biliary sludge has been 
far less common since irrigation has been used. We 
now also irrigate duct-to-duct anastomosis. Primary 
sludge has not occurred in any of the 15 transplants 
where the livers have been taken from heart-beating 
cadavers, nor has it been present in the four patients 
who had uncontrollable rejection. We therefore feel 
that the most likely culprit in the pathogenesis of 
primary biliary sludge is non-immunological ischaemic 
change. Bile secretion was investigated in three of our 
patients. Supersaturation of bile with cholesterol 
was found in two cases immediately after surgery and 
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Fic. 4. Morphology of pri- 
mary biliary sludge. (Top) 
shows gross appearance. 
(Bottom) shows the main 
constituent to be collagen 
from bile duct wall, the 
architecture of which is in 
part preserved (hematoxylin 
and eosin x 160). 


during episodes of acute rejection. The bile was never 
lithogenic in the third case. Subsequent studies sug- 
gest that changes in bile composition do not influence 
sludge formation. We agree with the Denver group that 

—secondary bile sludge formation is usually due to 
anastomotic stenosis and infection. 


Immunosuppression 


The standard immunosuppressive treatment has 
been Azathioprine and Prednisolone in doses com- 
parable to those used in renal transplant patients. In 
view of the ischaemic damage in many livers trans- 
planted in our series Cyclophosphamide is now given 
for the first three days instead of Azathioprine. Two 
patients were weaned completely off Prednisolone and 
maintenance therapy of immunosuppression in most 
patients has required less drug dosage than patients 
with kidney grafts. In contrast to the Denver practice, 
we do not now use antilymphocyte globulin. 


Occurrence of Rejection 


Rejection can be difficult to diagnose. Needle 
biopsies have been performed but have been of less 
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practical value than biopsies of renal allografts. A 
positive leukocyte migration test‘ in the presence of 
deteriorating liver function and a normal T-tube 
cholangiogram is assumed to indicate rejection and a 
short course of increased steroid dosage is commenced. 
This is usually followed in a few days by an improve- 
ment in liver function. 

Most of the patients have shown arise in serum bili- 
rubin starting seven to ten days after the operation. 
Often there has been no other evidence of rejection at 
the time and the jaundice has subsided without change 
in immunosuppressive therapy. Although it is possible 
that the early rise in serum bilirubin level is related 
to ischemic damage, it does not appear to have become 
more severe or frequent since the use of livers re- 
moved at other hospitals and transported over long dis- 
tances. There is no evidence that these episodes are 
related to azathioprine toxicity since they still oc- 
curred in cases in which cyclophosphamide was substi- 
tuted for azathioprine during the first two post-opera- 
tive weeks. 

In four patients severe rejection was considered to 
have been a major cause of death. Included in these 





Fic. 5. Interlobular portal tract, showing a mild mononuclear 
cell infiltrate and absence of identifiable duct. Post mortem liver 
tissue stained with hematoxylin and eosin; x 160. 


was one patient in whom immunosuppressive drugs had 
been withheld because it was thought at the time (1968) 
that the hepatitis virus, presumed to be the cause of 
his subacute hepatic necrosis, might be reactivated. 
The other three patients became deeply jaundiced with 
high serum alkaline phosphatase and moderately raised 
serum transaminase levels, these continuing until their 
deaths. 

The final morphological changes in the allografts 
were mononuclear cell infiltration of the portal tracts 
and the presence of foamy lipid laden histiocytes in 
the walls of the hepatic arterioles and throughout the 
sinusoides. A feature that has not been previously de- 
scribed occurred in one of our patients, namely virtual 
absence of small bile ducts (Fig. 5) in the portal 
tracts. This may explain the relentless progressive 
intrahepatic obstructive jaundice that was observed 
with relatively good hepatic parenchymal function until 
just before death. His original disease was hepatoma 
in an alcoholic cirrhotic liver. 


Discussion 


Patients referred for new and dangerous surgical 
procedures are usually considered for operation too 
late in the course of their diseases. Even if the 
decision to transplant a liver is made when the patient 
is fit for surgery, his condition may deteriorate so as 
to constitute an unacceptable operative risk by the time 
a donor liver becomes available. Sepsis, tumour recur- 
rence and above all, complications of biliary tract drain- 
age have been responsible for the poor overall survival 
rate of recipients of liver grafts. Nevertheless, patients 
who have been discharged from hospital have often 
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done extremely well. They frequently require less 
steroids than renal transplant patients and therefore 
do not have such severe cushingoid features. One 
hundred and three of the patients in Starzl’s series 
were transplanted a year or more ago.? Thirty of them 
or 29% have survived for at least one year after 
liver replacement. The one-year survival figures have 
been improving, fluctuating in the 25-45% range. 
Putnam and colleagues have pointed out that if the very 
heavy early mortality were to continue after the first 
year, there would be significant cause to question the 
validity of the procedure. Fortunately, most of the pa- 
tients who reach the one year mark continue to do well 
thereafter. Thus, half of all the Denver one-year sur- 
vivors are still alive. 15 patients have reached the two 
year mark, eight have reached three years, and there 
have been four five-year survivors. The longest sur- 
vivor in their series and in the world is now more than 
seven years post-transplantation. She is living at 
home, attending school and has normal liver func- 
tion. Two other five-year survivors are also entirely 
well, but the fourth one died a few days short of the 
six year mark of chronic rejection and partial biliary 
obstruction. 

Although tumor recurrence is common, palliation 
can be achieved and there is no difference in principle 
between treating a patient with liver cancer by grafting 
and giving similar palliative treatment to a patient with 
cancer of the lung, stomach or colon by resection 
of the growth. It is , however, likely that parenchyma- 
tous liver disease rather than primary malignancy will 
be the main indication for liver transplantation in 
the future. 

The simple method of short term liver preservation 
referred to above has increased the catchment area of 
donor livers and therefore shortened the waiting time 
for patients accepted for liver grafting. The new tech- 
nique of biliary drainage using the gall bladder as a 
conduit has produced gratifying early results, relatively 
free from the previous common complications. 

The most remarkable aspect of liver transplanta- 
tion has been the low incidence of progressive uncon- 
trollable rejection.'? In this respect the human ex- 
perience is similar to observations made in experi- 
mental animals. Studies in the Cambridge University 
Department of Surgery have shown in the pig that liver 
cells possess less MHC surface antigenic specificities 
than kidney cells? and hepatocytes are more resistant 
to killing by allogeneic lymphocytes in tissue culture 
than are kidney cells. The difference in expression of 
surface antigens on liver cells could be an important 
factor in the relatively privileged immunological status 
of the liver. Hepatic metabolism and contributions of 
Kupffer cells could also be relevant though definitive 
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data on these two speculations are lacking. It had 
been shown that six months after grafting Kupffer 
cells are of host origin.7* 

It is likely that many patients have been overtreated 
with immunosuppressive drugs and this has been re- 
sponsible for some of the infective complications and 
may in theory have impaired the development of active 
immunosuppressive mechanisms. We now attempt to 
give the minimum necessary dosage of immunosup- 
pressive drugs. Between June 1975 and May 1976 our 
results for liver grafting have been better than those 
obtained with cadaveric renal transplants. Study of the 
mechanisms responsible for the low incidence of rejec- 
tion of human liver allografts might help in an overall 
understanding of the renal and cardiac grafts, and it is 
possible that earlier operation on patients with non- 
malignant liver disease could shift the liver from third 
to first place in the "therapeutic batting order" of 
organ grafting. 
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DISCUSSION 


DR. JosePH G. FoRTNER (New York, New York): This is really 
a major contribution, one of many of Professor Calne's and as you 
know, he and Dr. Starzl have been the pioneers in the liver 
transplantation field. 

I think it's really very impressive that he has 15 patients alive 
for variable periods of time. In the evaluation of the 64 patients 
that he has transplanted, the vast majority of failures are due to 
factors that are controllable and correctable; and I think this is the 
most encouraging part of this whole presentation. 

Hemorrhage, intraoperative cardiac arrest, and problems with 
biliary drainage are all things that we can fix; and in liver 
transplantation the problem is not one of some problem with 
rejection that we can't control, but, really, something that we can. 

I must confess, however, to not being able to accept 100% the 
use of the gallbladder as a conduit. It sort of goes against my 
general surgical background to do this, and I think in a complicated 
setting such as a liver transplant we should use a technique that's 
been proven to have minimal complications in a general surgical 
setting. 

Of the 14 liver transplants that we've done at Memorial 
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Sloan-Kettering Cancer Center, we have found in this limited ex- 
perience that an end-to-side choledochojejunostomy really is, in 
our hands, at least, the best way to have biliary drainage, and 
thus cope with one of the big problems. 

We are, as you may know, investigating the heterotopic or 
auxiliary liver graft as an alternative to the orthotopic graft in 
patients who have end-stage noncancerous liver disease. We have 
done seven of these now. One patient is living and well more than 
four years after transplantation, a little boy with biliary atresia. 
One patient lived eight months, and one lived three and one half 
months. 


DR. PauL S. RusseLL (Boston, Massachusetts): I think all of us 
recognize that there are three principal problem areas that we have 
to face with any organ which we are trying to transplant. One 
is the technical, and in liver transplantation there are a number of 
such technical difficulties which have been called to our attention 
tonight. 

The problem of organ availability is the second, and that is still 
far from solved, particularly in the case of liver transplantation. 
Dr. Calne and others have done quite a lot in order to improve 
preservation techniques, but you will note that they are still rather 
limited, and still far from what we can do with kidney transplanta- 
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tion. Thus, much more can and should be done about liver preserva- 
tion. 

I'd like to call special attention however, to what I think is the 
most interesting thing that we have heard from Dr. Calne, and that 
is the special quality of the liver in respect to rejection, the third 
problem area. I think it's true that the liver is rejected with less 
vigor than are many other organs, and we're gradually beginning 
to construct a kind of an electromotive series of rejectability of 
organs, in which it may be suggested that the liver is less rejectable 
than is the kidney, which is less rejectable than is the heart, which 
is much less rejectable than is skin. 

There is evidence to support this from animal systems, where 
we have control of immunogenetic differences and can try different 
organ transplants in very strictly regulated circumstances. It's 
interesting that this difference does not pertain with equal force 
when one implants just a piece of an organ as a free graft. It has to 
be vascularized organ, which releases its antigens into the circula- 
tion of the recipient. 

Some years ago we were able to show that the liver has enzymes 
which will degrade antigens derived from other tissues. Whether such 
a mechanism is actually operative in the vascularized liver transplant 
or not I don't know, but l'd be very much interested to know from 
Dr. Calne whether he has any idea at all as to what the mechanism 
for the striking difference in behavior of livers on transplantation 
as compared to other organs might be. 


DR. JosePH E. Murray (Boston, Massachusetts): I will just make 
four points. I think, historically, we must give credit to Drs. Starzl 
and Calne for bringing clinical liver transplantation into actuality, 
but I believe both of the authors will recognize the experimental 
prototype which Dr. Francis D. Moore established in the late 
fifties in the laboratory at the Harvard Medical School; and I believe 
it was there that Dr. Calne received some of his first stimulus in the 
field of liver transplantation. 

The hierarchy of rejection of organs, which Dr. Russell mentioned, 
is a definite one, and I recall, again in the mid-fifties, at a conference 
in New York when Professor Medawar, on reviewing some work 
that we had presented on the differential rejection of skin versus 
kidney, commented, in his own picturesque way, that the trans- 
planters had freed the biologists from the "tyranny of the skin 
graft"; because in the early fifties all transplantation was using skin 
as the indicator organ, and, of course, the rejection of the skin is 
by far the most severe and the most abrupt of any of the other 
organs. 

Interestingly enough, there is a differential rejection of kidneys 
from the same animal under different circumstances when it's 
placed into the same recipient. 
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I would like to make an additional comment which is not truly 
pertinent to Calne's report. I have never liked the use of the term 
"brain death". The Harvard Committee under Dr. Beecher's 
chairmanship which defined it didn't really use the term "brain 
death". They were defining death of a human being as defined by 
cessation of function of the brain; and I’ve always felt that the term 
"brain death" was a false one, suggesting that we surgeons were 
trying somehow to overlook the fact that the patient might still be 
alive when the organs are taken. 

It's a small point, but I think we should say death of an individual, 
as defined by cessation of function of the brain. 

And finally, we talk about long-term follow-up, and we certainly 
have beautiful follow-up in Dr. Calne's and Dr. Starzl's patients. 
In the previous paper on the ambiguous genitalia they're still 
looking for final results, although they have been working in the 
field for 20 or 30 years. I think that it behooves all of us in surgery, 
when we have a problem, to establish some sort of a communication 
system, a registry, if you wish, so that we can get good documentation 
which can be translated across the decades, rather than waiting for 
that future twenty years which always seems to be ahead of us. 


PROFESSOR R. Y. CALNE (Closing discussion): I take Dr. Fortner's 
point that the actual reason for looking for a new technique was 
because all the old techniques were unsatisfactory. And I'm not 
saying that the gallbladder conduit technique is the final answer, 
but in our hands it has produced much better results. I think it 
must wait time to be proven, but every other technique that's been 
used in any large series has been unsatisfactory. 

I wish I could answer Paul Russell's question on the mechanism 
of acceptance of the liver. It's by far the most interesting aspect of 
liver grafting and we have been studying this in the pig for many 
years. We have some information, but not an answer to his question. 

Liver cells, hepatocytes, have less transplantation antigens than 
kidney cells. They have SD-antigens, but not LD-antigens. The 
liver has a unique lining of the endothelium with Kupffer cells, 
which changed to recipient type after six months in two human 
cases that have been studied. This could be relevant. 

We don't know if the liver has a major influence on the recipients 
immune system, or whether the liver itself is less susceptible to 
rejection, possibly it's a combination of both these factors. 

As far as Dr. Murray's comments are concerned, I’m delighted to 
have the opportunity to pay homage to Dr. Moore for having worked 
in his department, and getting my first interest in liver grafting at 
the Brigham, and being associated with Dr. Murray for many years 
in experimental and clinical transplantation. I accept also his point 
that brain death is the diagnosis of death of the individual. 
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DEXON“ polyglycolic acid suture 
Complete Product Information 


DESCRIPTION DEXON polyglycolic acid 
Suture, Synthetic, Absorbable, USP is a homo- 
polymer of glycolic acid. The sutures are sterile, 
inert, noncollagenous, nonantigenic, nonpyro- 
genic, flexible, and braided. They are colored 
green to enhance visibility in tissue and are also 
available undyed, with a natural beige color. They 
are uniform in size and tensile strength, but are 
smaller in diameter than other Absorbable Surgical 
Sutures of equivalent tensile strength. 


ACTIONS When DEXON is placed in tissues a 
minimal tissue reaction occurs, which is followed 
by a microscopic layer of fibrous connective 
tissue which grows into the suture material. 


Animal studies (subcutaneous tissue in rats, rab- 
bits, and dogs) revealed minimal absorption at 7 
to 15 days, significant absorption at 30 days, and 
maximum resorption at 60 to 90 days: 

Tensile strength, not being a function of the ab- 
sorption rate, may vary from tissue to tissue, de- 
pending in part on the rate of hydrolysis. The 
early tensile strength of DEXON is reported to be 
greater than that of comparable chromic catgut. 
In animal studies (subcutaneous tissue in rats) it 
has been shown that at two weeks post- 
implantation approximately 55% of the original 
tensile strength of DEXON remains, while at 
three weeks approximately 20% of its original 
strength is retained. 


INDICATIONS DEXON sutures are indicated 
whenever absorbable sutures and ligatures are 
employed. 

CONTRAINDICATIONS DEXON is contra- 
indicated where extended approximation of 
tissues under strain must be maintained. 


WARNINGS The safe use of this suture in car- 
diovascular and neural surgery has not been 


established. 

Under certain circumstances, notably ortho- 
pedic procedures, immobilization by external 
support may be employed at the discretion of 
the surgeon. 

Do not resterilize. Discard opened, unused 
sutures. 


PRECAUTIONS Acceptable surgical practice 
should be followed with respect to drainage and 
closure of infected wounds. 

Knots with DEXON polyglycolic acid Suture 
must be properly placed to be secure. Therefore, 
place first throw in precise position for final knot, 
using a double loop; tie second throw square us- 
ing horizontal tension; additional throws may be 
used as desired. 


Skin and conjunctival sutures which remain in 
place for periods of longer than seven days may 
cause localized topical irritation and the exposed 
portion of suture may be snipped off after five to 
seven days as indicated. 

ADVERSE REACTIONS Those reactions that 
have been reported include tissue reaction or in- 
flammation, bou or granulation tissue, wound 
separation and bleeding, and accumulation of 
fluid around subcuticular stitches. 

DOSAGE AND ADMINISTRATION Use as 
required. 

HOW SUPPLIED DEXON sutures are available 
in sizes 2 through 7-0 dyed (green) and undyed 
(natural), supplied in a variety of cut lengths or 
on ligating reels, non-needled or affixed to the 
various Davis & Geck ATRAUMATIC® needles 
in one and three dozen packages. REV.4/76 
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many hospitals around the 
world. There are good 
reasons why. DEXON elicits 
minimal tissue reaction. It 
absorbs more reliably than 
catgut, with complete 
absorption in 60 to 90 days. 
And it sustains its holding 
power until the wound has 


regained sufficient strength, 
thus greatly reducing the 
chance of wound dehiscence 
and incisional hernia. 
DEXON can be used satis- 
factorily in the presence of 
infection, too. It is approved 
for use in the urinary tract 
and meets all CI. S.P. 
standards. DEXON suture is 
available in green or beige. 
In just six years DEXON 
suture has been used in 15 
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been documented in well 
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DEXON...the absorbable 
suture acclaimed around the 
world for its uneventful 
healing and wound security. 
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Talwin HCI 50me 


brand of equivalent to 50 mg. base 


pentazocine HCIs* 


Please consult full prescribing information before prescribing. A 
summary follows: 


Talwin HCI is intended for the relief of moderate to severe pain. One 

50 mg. tablet appears equivalent in analgesic effect to 60 mg. (1 gr.) of 
codeine. Talwin is a weak narcotic antagonist with sedative activity. 
Contraindication 

Hypersensitivity to pentazocine. 

Warnings 

Drug Dependence. There have been instances of psychological and 
physical dependence on parenteral Talwin in patients with a history of 
drug abuse and, rarely, in patients without such a history. Abrupt 
discontinuance following the extended use of parenteral Talwin has 
resulted in withdrawal symptoms. There have been a few reports of 
dependence and of withdrawal symptoms with orally administered Talwin. 
Patients with a history of drug dependence should be under close 
supervision while receiving Talwin orally. 

In prescribing Talwin for chronic use, the physician should take 
precautions to avoid increases in dose by the patient and to prevent the 
use of the drug in anticipation of pain rather than for the relief of pain. 
Head Injury and Increased Intracranial Pressure. Talwin may elevate 
cerebrospinal fluid pressure. This may be markedly exaggerated in the 
presence of head injury, intracranial lesions and a preexisting increase in 
intracranial pressure. Talwin may obscure the clinical course of patients 
with head injuries. Talwin should be used with extreme caution in such 
patients and only if its use is deemed essential. 

Usage in Pregnancy. Although no teratogenic or embryotoxic effects have 
been reported in animals, Talwin HCI should be administered to pregnant 
patients (other than labor) only when potential benefits outweigh possible 
hazards; and cautiously in labor of women delivering prematurely. 

Acute CNS Manifestations. In therapeutic dosage, rarely, transient 
hallucinations, disorientation, and confusion may occur. Observe such 
patients carefully and check vital signs. Use caution if the drug is 
reinstituted. 

Usage in Children. Not presently recommended under 12. 


Ambulatory Patients. Since sedation, dizziness, and occasional euphoria 
have been noted, ambulatory patients should be warned not to operate 
machinery, drive cars, or unnecessarily expose themselves to hazards. 


Precautions 

Oral Talwin has been rarely reported to cause respiratory depression. It 
should be used with caution in patients with respiratory depression, 
severely limited respiratory reserve, bronchospasm, cyanosis, renal or 
hepatic dysfunction, convulsive disorders and those about to undergo 
biliary surgery. As with all drugs, use with caution in patients with 
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WB Potency in the codeine range — 
analgesia equivalent to 60 mg. 
codeine 


W A low risk of tolerance — has been 
reported only rarely 


8 Patients with chronic pain receiv- 
ing Talwin 50 mg. for prolonged 
periods rarely experience with- 
drawal reactions when the drug is 
abruptly stopped: There have been 
a few reports of dependence and of 
withdrawal symptoms with orally 
administered Talwin. Patients with 
a history of drug dependence should 
be under close supervision while 
receiving Talwin orally 

@ Significant abnormalities of liver 
and kidney function have not been 
reported — even after extended use 


given narcotics, including methadone, may experience withdrawal 
symptoms after receiving Talwin. 

Adverse Reactions 

Reactions reported after oral administration of Talwin include 
gastrointestinal: nausea, vomiting; infrequently constipation; and rarely 
abdominal distress, anorexia, diarrhea. CNS effects: dizziness, 
lightheadedness, sedation, euphoria, headache; infrequently weakness, 
disturbed dreams, insomnia, syncope, visual blurring and focusing 
difficulty, hallucinations; and rarely tremor, irritability, excitement, 
tinnitus. Autonomic: sweating; infrequently flushing; and rarely chills. 
Allergic: infrequently rash; and rarely urticaria, edema of the face. 
Cardiovascular: infrequently decrease in blood pressure, tachycardia. 
Hematologic: rarely depression of white blood cells (especially 
granulocytes), which is usually reversible, moderate transient 
eosinophilia. Other: rarely respiratory depression, urinary retention, 
paresthesia, toxic epidermal necrolysis. 

Dosage and Administration 

Adults: The usual initial adult dose is 1 tablet (50 mg.) every three or 
four hours. This may be increased to 2 tablets (100 mg.) when needed. 
Total daily dosage should not exceed 600 mg. Tolerance is rare. Abrupt 
discontinuance following chronic use has rarely caused withdrawal 
symptoms. Talwin is not subject to narcotic controls. 

Overdosage 

Oxygen, parenteral naloxone, intravenous fluids, vasopressors, assisted or 
controlled ventilation, and other supportive measures should be employed 
as indicated. 
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T the time of the first centennial of our country, 
A the founding of the American Surgical Associa- 
tion was four years in the future. The founder, Samuel 
D. Gross, contributed the section on Surgery in a 
series published in the American Journal of the Medi- 
cal Sciences, and subsequently collected in book 
form.* He said, "Although this paper is designed to 
record the achievements of American surgeons, there 
are, strange to say, as a separate and distinct class, 
no such persons among us. It is safe to affirm that 
there is not a medical man on this continent who 
devotes himself exclusively to the practice of surgery." 
The situation had been no different at the time of the 
Revolution. The Marquis de Chastellux? in his travels 
through North America commented, "I make use of 
the English word doctor, because the distinction of 
surgeon and physician is as little known in the army 
of Washington as in that of Agamemnon.” 

Gross did not think that this was all bad, for he 
went on to say, 
"In short, American medical men are general practitioners, 
ready, for the most part, if well educated, to meet any and every 
emergency. whether in medicine, surgery, or midwifery. Of 
late, the specialists have seriously encroached upon the province 
of the general practitioner, and while they are undoubtedly 
doing much good, it is questionable whether the arrangement 
is not also productive of much harm. The soundest, and, there- 


fore, the safest, practitioner is, by all odds, the general practitioner, 
provided he is thoroughly educated, and fully up to his work." 


He signed himself M.D., LLD., DCL., OXON. and 
Professor of Surgery in the Jefferson Medical College 
of Philadelphia. He went on to say, 


"The century under review opened with no great lights in 
practical surgery. Although the Revolutionary War had furnished 
a large number of Army surgeons who rendered important 
service both on the field and in the hospital, there was not one 
among them who was entitled to the term great in the sense 
employed in the present day. The nearest approaches to such a 
distinction were Dr. William Shippen and Dr. John Warren, the 
first professors, respectively, of anatomy and surgery in the 
University of Pennsylvania and Harvard College." 


Benjamin Rush, surgeon-general to the middle division 
of the Army, Gross said, was a medical practitioner, 
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not a surgeon, and "There is no record which goes 
to show that he ever performed anv of the great opera- 
tions of surgery.” 

By 1776, the course in systematic dissection for 
instruction given in New York by John Bard and 
Peter Middleton was 16 years old, the Pennsylvania 
Hospital was 15 years old, the flexible catheter in- 
vented by Benjamin Franklin had been available for 14 
years. William Shippen's Anatomical Lectures in 
Philadelphia had been inaugurated 14 years in the 
past. What ultimately became the University of Penn- 
sylvania Medical School had been opened 11 years 
before. The New Jersey Medical Society. the first 
state society in the country, was 10 years old. and the 
Medical School of King's College in New York. ulti- 
mately the College of Physicians and Surgeons, was 
eight years old. The Harvard Medical School was 
still 16 years in the future. 

Among the names which recur most commonly in 
the accounts of surgery in Revolutionary times are 
those of Shippen, Warren, John Morgan of Phila- 
delphia, Samuel Bard of New York, and John Jones 
of New York. All of these had studied abroad, in 
England, Scotland, and some in France, as well, but 
for John Warren the brother of that Joseph Warren 
who, both doctor and general, died at Bunker Hill. 
John Warren, a graduate of Harvard College in the 
class of 1771, studied two years with his brother and 
settled in practice in Salem. The young colonial study- 
ing in London had the opportunity to listen to the 
lectures of William Hunter and of John Hunter, to help 
with John Hunter's injection of specimens, to walk the 
wards, and to watch operations at Guy's, at St. Thomas' 
and at St. Bartholomew's. William Shippen. Jr., who 
was briefly director-general of military hospitals during 
the Revolution, had gone to England in 1758. His 
diary for 1759, which it pleases me to say, was res- 
cued from destruction by my old instructor Dr. J. Hall 
Pleasants, has items such as, "A fractured Scull at 
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Fic. la. Portrait of John Jones of New York. 


Guys Hospital to Day." "Saturday, August 4, At 12 
saw Mr. Way Surgeon to Guy's Hospital amputate a 
leg above the knee very dexterously three ligatures.” 
On Wednesday the fifth of September he remarks, 
“Examined particulars in Hospital several small pox 
three out of four die, Saw Mr. Baker perform three 
operations, a Leg, Breast and Tumor from Girl's lower 
Jaw inside, very well operated. Mr. Warner extracted 
a large Stone from Urethra of a man and pinn'd the 
Incision up as in Harelip." Not all the time was spent 
in work. Monday, the tenth of September, 1759, “at 
seven went to a dance in the Borrough and danced 
with Miss S. Church a very pretty soft agreable Girl. 
We were very merry till three next morning." He 
attended Dr. Hunter's lectures and dissected under 
the direction of Mr. Hunter, which would be John. 
"Sunday fourteenth. Rose at six dissected till eight, 
breakfasted, dissected till one, dined and dissected 
till six, wrote till 11." " Tuesday sixteenth. Dissected 
till five Lecture till 7/2. Chatted till ten with Mr. Hunter 
upon anatomical points bedded at 10/2.” 

The medical departments of armies seem to en- 
courage military medical manuals like the one illus- 
trated for World War II. In 1776, there was printed in 
Philadelphia by Robert Bell of Third Street, a book 
entitled, "Plain, Concise, Practical Remarks on the 
Treatment of Wounds and Fractures To which is 
Added, an Appendix, on Camp and Military Hos- 
pitals (Fig. 1) John Jones the author had been born 
in Jamaica, Long Island in 1729, the son and grand- 
son of physicians. He studied medicine under his 
father; then in London with Hunter, with Pott at St. 
Bartholomew’s Hospital, Monro at Edinburgh, Petit 
and LeDran in Paris, and took his degree at Rheims 
in 1751. He served in the French and Indian War. The 
first lithotomist to work in New York, he was said to 
be remarkably dexterous, rarely requiring more than 
three minutes to remove the stone. He was one of 
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the incorporators of the New York Hospital, together 
with Peter Middleton and Samuel Bard. After the war, 
he moved to Philadelphia and became physician to the 
Pennsylvania Hospital, and attended Franklin in his 
final illness.’ 

The title page of Jones’ book said that this was 
principally designed for the use of young military and 
naval surgeons in North America. He had 


"endeavored to select the sentiments of the best modern surgeons 
upon the treatment of those accidents which are most likely 
to attend our present unnatural contest; and as many of the 
Gentlemen engaged in that service are young men, whose 
opportunities of instruction or practice, have been confined 
within narrow limits; | flatter myself that such of them, at least, 
as are conscious of their own defects, will find in the piece; 
no unuseful guide." 


In his introduction, he discoursed upon the position of 
the surgeon "In most European countries an invidious 
distinction has prevailed, between Physic and Surgery: 
but in this part of the world the two professions are 
generally united; Speaking of the European develop- 
ment, he said, "those illustrious men who were at once 
great Physicians and Surgeons, abandon d the most dis- 
agreeable and improfitable part of their profession, to 
follow that branch alone which at once gratify'd their 
ease, their avarice, and their ambition: — `° 


“The medical surgeons, in quitting the exercise of the art, 
retained the right of directing the barbers, to whom the opera- 
tions and external applications of Surgery were committed; 
From this separation, the surgeon was no longer one and the 
same individual, but a monstrous and unnatural composition of 
two persons; of a physician who arrogated to himself an exclu- 
sive knowledge of science, and consequently the right of direct- 
ing, and a Surgeon operator, to whom the mere manual part was 
committed. . . . In short, the variety of difficult operations, 
performed with such superior success and safety, by the present 
race of Surgeons, who are distinguished for their knowledge 
in every branch of medical learning, is an evident proof of the 
benefit resulting to operators from a more liberal mode of educa- 
tion; and I think it can no longer remain in doubt with any un- 
prejudiced person, that an enlightened mind, united to the person 
of the operator, must and will constitute the most accomplished 
and successful Surgeon." 


In discussing the necessity for appropriate education of 
a surgeon, Jones mentioned A competent acquaint- 
ance with the learned languages, which are to lay the 
foundation of every other acquisition. . . . An ac- 
curate knowledge of the structure of the human body, 
acquired not only by attending anatomical lectures, 
but by frequent dissections of dead bodies with his own 
hands." "Chymistry and Materia Medica are very 
necessary to a right understanding of pharmacy or com- 
position." He mentioned, "some progress in the math- 
ematics and mechanics." "In new settled countries," 
he said, "opportunities of improvement are not within 
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the reach of every student, many gentlemen are obliged 
to set out in practice, with such a stock of knowledge 
as they are able to acquire under the tuition of a 
single master, who may, himself, too often stand in 
need of instruction." To such he recommended ‘‘the 
best English practical writers". He listed Mr. Pott as 
being in the ‘‘first and most distinguished rank", com- 
mended Mr. Bromfield's ‘‘Chirurgical Remarks" and 
the writings of Mr. Sharp, Mr. Gooch, and Mr. White 
of Manchester, the ‘*Medical Observations” of London 
and Edinburgh, and the works of Le Dran of France, 
and he said, "To those gentlemen, who will neither 
read nor reason, but practice at a venture, and sport 
with the lives and limbs of their fellow-creatures, I 
can only with Dr. Huxham, advise them seriously to 
peruse the sixth commandment, which is ‘Thou shalt 
not kill.’ " i 

John S. Billings, in an article on ''Literature and 
Institutions” in the same series! as the paper of Samuel 
Gross previously referred to, says, "At the commence- 
ment of the Revolutionary War, we had one medical 
book by an American author, three reprints, and about 
20 pamphlets.” The book he referred to was this one 
of Jones', which he dismisses rather contemptuously 
with the statement, ''It is simply a compilation from 
Ranby, Pott, and others, and contains but one original 
observation, viz.; a case of trephining followed by 
hernia cerebri.” As a matter of fact, not only is there 
in Jones an excellent appendix on military hygiene 
and sanitation, but the surgical sections are clearly 
and well written, nor is it to be expected that manuals 
of this sort should be original productions. Jones was, 
by all accounts, a surgeon of considerable experience 
and reputation. If he agreed with and quoted the 
principal authors of his day, this tends to be true of 
all but the most contentious of us. A look at the writ- 


“Sings of one or two of the authorities cited, will serve 


as an indication of what information was available, on 
which the Revolutionary Army surgeon could base 
his treatment. 

The ‘*Chirurgical Works of Percivall Pott", 1775,’ 
as might be expected, has large sections on hernia 
and hydrocele, sections on ophthalmic surgery and on 
fractures and dislocations. There is a substantial sec- 
tion on head injuries. If the scalp were separated 
by a wound, there were those who advised excision 
of the separated part, thinking that ''replacing the 
separated piece, will only protract the time of cure, by 
furnishing a lodgment for matter, and sloughs, which 
matter and sloughs must prevent the thing intended.” 
They thought that replacing the lacerated scalp might 
prevent determination of the possibility of cranial 
injury. Pott felt strongly that "preservation of the 
scalp ought always to be attempted, unless it be so 
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torn as to be absolutely spoiled, or there are mani- 
fest present symptoms of other mischief.” If there were 
no evidences of cranial or intracranial injury, he ad- 
vised the surgeon to ‘‘make the torn piece clean from 
all dirt, or foreign bodies, and restore it quickly, 
and as perfectly as he can, to its natural situation." 
If infection developed afterward, he advised merely 
appropriate openings in the flap. Pott was aware, in 
head injury, of the difference between symptoms pro- 
duced by intracranial accumulations of fluid and symp- 
toms produced by infection. 


"One set or class of symptoms are produced by an extra- 
vasated fluid, making such pressure on the brain, and origin of 
the nerves, as to impair or abolish voluntary motion and the 
senses; the other is caused by the inflamed, or putrid state of 
the membranes covering the brain, and seldom affects the organs 
of sense, until the latter end of the disease, that is, until a con- 
siderable quantity of matter is formed, which matter must press 
like any other fluid.” 


He understood that contamination was required for 
infection to occur. 


"UD am very sensible that it is a generally-received opinion, 
that blood shed from its vessels, and remaining confined in one 
place, will become pus; and that the matter found on the surface 
of the dura mater, toward the end of these cases, was originally 
extravasated blood. I apprehend both these positions to be false. 
That pure blood, shed from its vessels, by means of external 
violence, and kept from the air, wil] not turn to, or become 
matter, is (I think) proved incontestibly, by every day's experi- 
ence, in many instances, in aneurisms by puncture, in retained 
menses by imperforate vaginae, and in all ecchymoses. True 
pus cannot be made from blood merely." 


There is his description of what has come to be known 
as Pott's puffy tumor. 
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“If the symptoms of pressure; such as stupidity, loss of sense, 
voluntary motion, etc. appear some few days after the head has 
suffered injury from external mischief, they do most probably 
imply an effusion of a fluid somewhere . . . in the substance 
of the brain, in its ventricles, between its membranes, or on 
the surface of the dura mater, . . . ; but the inflammation of 
the dura mazer, and the formation of matter between it and the 
skull, in consequence of contusion, is generally indicated ard 
preceded by one [sign] which I have hardly ever known to fail; 
I mean a puffy, circumscribed, indolent tumor of the scalp, 
and a spontaneous separation of the pericranium, from the 
skull under such tumor." 

He quotes LeDran as saying that when the pericranium 
is detached, one must not hesitate to trephine the skull. 

"When, from the symptoms and appearances already de- 
scribed, there is just reason for supposing matter to be formed 
under the skull, the operation of perforation cannot be per- 
formed too soon; it seldom happens that it is done soon 
enough." ©All the best practitioners have always agreed in 
acknowledg-ng the necessity of perforating the skull in the case 
of a severe stroke made on it, by gun-shot, upon the appear- 
ance of any threatening symptoms, even though the bone should 
not be breken . . ." “With spontaneous separation of the 
cranium the skull is to be perforated at once, one opening or 
several." 


He evident. y thought the need for trepanning was so 
obvious in the case of fractures as almost not to re- 
quire discussion. The section dealing with injuries of 
the head takes up 171 pages. 

In common with his contemporaries, he placed great 
reliance on phlebotomy ‘‘Of all the remedies in the 
power of art, for the inflammations of membranous 
parts, there is none equal to phlebotomy. To this 
truth many diseases bear testimony; pleurisies, oph- 
thalmies, strangulated hernias, etc., and if anything 
can particularly contribute to the prevention of the ills 
likely to follow severe contusions of the head, it is this 
kind of evacuation . . ." f 

My copy of Treatise on the Operations of Surgery, 
by Samuel Sharp of Guy’s Hospital, one of the most 
successful textbooks of surgery at the time, is the 
fourth edition, published in 1746.8 The sixth edition, 
published in 1752, might have been that to which 
Jones refers, but it is not likely to have been radi- 
cally different. Of granulation tissue, Sharp comments, 
“This Eminence is compos'd of little Points or Gran- 
ulations call’d Fungus, or proud Flesh, and is fre- 
quently esteem'd an Evil, though in truth this Species 
of it is the constant Attendant on healing Wounds.” 
And he speaks of ‘‘The necessity of keeping the 
Surface even, either by Pressure, or Eating-Medicines, 
that the eminence of the Flesh may not resist the 
Fibres of the Skin in their Tendency to cover the 
Wound." He expresses a preference for dry lint in 
dressing wounds. Ás to gun-shot wounds, Sharp says, 


“Surgeons have always inclin'd to conceive there is something 
. more. mysterious in these wounds than any others; but their 
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terribleness is owing to the violent Contusion and Laceration of 
the Parts, and often to the admission of extraneous Bodies into 
them, as the bullet, Splinters, Clothes, etc. and were any 
other force to do the same thing, the Effect would be exactly the 
same as when done by Fire-Arms. The Treatment of these Wounds 
consists in removing the extraneous Body as soon as possible, 
to which end the patient must be put into the same posture as 
when he received the Wound: if it cannot be extracted by cut- 
ting upon it, which should always be practis'd when the situa- 
tion of the blood-Vessels, etc., does not forbid, it must be left 
to Nature to work out.” 


Bleeding and clysters were part of his therapy. 
“When a Wound is recent, and the Parts of it are 

divided by a sharp Instrument without any farther 

violence," he points out the edges will heal if held 


. together, and he prefers an interrupted suture, mock- 


ing the dry Suture as "ridiculous in terms, since it 
is only a piece of Plaister applied in many different 
ways to reunite the Lips of a Wound.” He recognized 
that the old proscription against suturing head wounds 
was no longer valid. He stil! said that infection under 
a closed wound was so dangerous that "much less 
harm would have been done, if Sutures were us'd in 
this part with more caution." “If we stitch up a 
Wound . . . wealways employ the interrupted Suture, 
passing the Needle two, three, or four times, in pro- 
portion to the length of it, although there can seldom 
be more than three Stitches required.” He points out 
if ‘‘a violent Inflammation” should occur the ligatures 
must be removed. He described suture of a wound of 
the intestine, but obviously had no experience with it. 


"Now the Symptoms laid down for distinguishing when the 
Intestine is wounded, do not with any certainty determine it to 
be wounded only in one place, which want of Information, 
makes it absurd to open the Abdomen in order to come at it; if 
so, the Operation of stitching the Bowels can only take place, 
where they fall out of the Abdomen, and we can see where 
the Wound is, or how many Wounds there are: If it happens 
that the Intestines fall out unwounded, they are to be replaced 
immediately and if the intestines are distended so as to make 
this difficult”, 


the wound could be enlarged or the intestines pricked 
"to let the wind out’’. If the omentum protruded, he 
advised replacing it in the abdomen just as for strangu- 
lated hernia ‘‘unless it is certainly gangrened; and when 
that happens, I think it advisable to cut off only some 
of the mortify'd Part’’. 


Sharp was willing to see what he called the ‘‘Opera- . 


tion for the Empyema’’ done for hemothorax, and 
advised only superficial dressings for wounds of the 
chest, at least those by ‘‘sharp Instruments”, whereas 
in bullet wounds, because there were frequently mas- 
sive suppurations and foreign bodies carried in with 
the bullet, the wound was frequently to be enlarged. 
Never make a separate opening at the bottom of the 
thorax, since the lung would become adherent to the 
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original wound and the more dependent operative inci- 
sion sealed off. Nor did he advise drainage for 
"Matter" in the thorax partly from an evident con- 
fusion with tuberculosis, partly because he thought 
it was ‘‘most frequent for Abscesses of the Pleura 
and Intercostal Muscles, and not uncommon even for 
Abscesses of the Lungs, to break externally." For 
massive effusions, he thought it was occasionally 
indicated to drain with ''Knife, Scissars or Trocar”. 

In his chapter entitled ‘Of the Operation of the 
Trepan’’, he advises the Trephine in all cases of de- 
pressed fracture and most cases of simple fracture and 
for concussion. ‘“The Symptoms of a Fracture are, a 
Bleeding at the Ears and Nose, a loss of Sense, Vomit- 
ing, Drowsiness, Delirium, Incontinence of Urine, and 
Excrement.” In general, even patients that only had a 
concussion were to be trepanned if pain or tenderness 
indicated the point to be attacked. 

Sharp was disinclined to amputate for gangrene 
whether spontaneous or after an injury until demarca- 
tion had occurred. However, ‘“‘giin-shot Wounds, com- 
pound Fractures, and all sudden Accidents requiring 
Amputation, are attended with the best Success if im- 
mediately perform’d.’’ He thought his method of ampu- 
tation, transsecting the skin first, retracting it and 
then dividing the muscles at a higher level, and then 
the bone to avoid ‘‘the conical stump’’, better than 
the old operations which made a single cut through 
the soft tissues, although perhaps a little slower. For 
hemostasis, he states, "There is no Method for this 
Purpose so secure, as tying the Extremities of the 
Vessels with a Ligature, which with a crooked Needle 
pass’d twice through the Flesh almost round them, 
will, when the Knot is made, necessarily inclose them 
in the Stricture.” “This is a much better way than in 
using the Artery Forceps, where the Vessels are apt 


*—to slip away out of the Ligature.” 


The great John Hunter, of course had the advantage 
of Sharp and Pott, let alone Jones, that he was a clini- 
cal surgeon indeed, and one of the most piercingly 
inquisitive scientists ever to grace our profession, but 
as well had considerable first-hand military experience. 
John Hunter’s Treatise on the Blood Inflammation and 
Gun-Shot Wounds,? which he lectured about for years, 
began to write in 1763, and which was finally published 
in 1794, after his death, probably represents the most 
advanced thinking on gun-shot wounds at the time of 
the Revolution. ‘‘Gun-shot wounds may be said to be 
an effect of a modern improvement in offense and 
defense, unknown in the form or mode of war, which 
is still practiced where European improvements are 
not known; and it is curious to observe that fire-arms 
and spirits are the first of our refinements that are 
adopted in uncivilized countries; and, indeed, for ages 
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they have been the only objects that have been at all 
noticed or sought after by rude nations." Hunter was 
aware that the first parts of the body struck by a musket 
ball were ‘‘deadened, as the projecting body forces 
way through these solids, which is afterwards thrown 
off in the form-of a slough, and which prevents such 
wounds from healing by the first intention, or by 
means of the adhesive inflammation, from which cir- 
cumstance most of them must be allowed to suppurate.” 
He points out that “where the ball is passed with 
little velocity" as one that is largely spent or at the 
end of its tract in the body, the tissues were not 
much injured and the wounds healed by first intention. 
He was aware that 


“a gun-shot wound is often not completely understood at first, 
for it is at first, in many cases, impossible to know what parts 
are killed, whether bone, tendon, or soft part, till the deadened 
part has separated, which often makes it a much more compli- 
cated wound than at first was known or imagined; for it very 
often happens, that some viscus or part of some viscus, or a part 
of a large artery, or even a bone, has been killed by the blow, 
which does not show itself till the slough comes away. If, for 
instance, it is a part of an intestine that has received a con- 
tusion, so as to kill it, and which is to slough, a new symptom 
will most probably appear from the slough being separated, the 
contents of the intestines will most probably come through the 
wound; and probably the same thing will happen when any other 
containing viscus is in part deadened; but those cases will not 
be so dangerous, as if the same loss had been produced at first, 
for by this time all communication will be cut off between the 
containing and contained parts; nor will it be so dangerous as 
when a considerable blood-vessel is deadened; for in this case, 
when the slough comes off, the blood, getting a free passage into 
the wound, as also out of it, probably death will immediately 
follow. If this artery is internal, nothing can be done; if in an 
extremity, the vessel may be either taken up, or probably amputa- 
tion may be necessary to save the person's life; therefore an 
early attention should be paid to accidents, where such an event 
is possible." 


"[n case of a bone being deadened, an exfoliation 
takes place." Hunter noted, with respect to the be- 
havior of the musket ball, that if the velocity was low, 
there was less chance of a fracture of the bone, al- 
though if it was sufficient to fracture the bone, the 
fracture would be less severe if the velocity was very 
great; that with a low velocity ball, the direction of 
the wound tract might not be as straight as with a high 
velocity ball, and that the deadened part or slough was 
less with a low velocity ball. He pointed out that a high. 
velocity wound seemed to give a cleaner wound tract 
and yet the slough was larger. His explanation does not 
suggest that he suspected the pressure wave effect of 
the missile. f 

He was aware that infection was much more likely 
to occur in joints than in soft tissues and in the fleshy 
parts. '"The decay of animal life is sooner brought on, 
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when the inflammation is in a part where circulation 
is not so strong.” 

Hunter was critical of the routine ‘‘dilatation’’ of the 
wound of entry. The inevitable slough, he thought, 
would provide adequate egress for the products of sup- 
puration and for any foreign bodies introduced by the 
ball. The primary enlargement of gun-shot wounds, 
which he thought meddlesome, ''is," he said, ‘‘dia- 
metrically opposite to our principle which is generally 
adopted in other cases, although not understood as a 
general rule, which is, that very few wounds of any 
kind require surgical treatment at their commence- 
ment, excepting with an opposite view from the above, 
viz. to heal them by the first intention." He went on 
to say that it was ‘‘contrary to all the rules of sur- 
gery . . . to enlarge wounds simply as wounds; no 
wound, let it be ever so small, should be made larger, 
excepting when preparatory to something else . . . it 
should not be opened because it is a wound, but be- 
cause there is something necessary to be done, which 
cannot be executed unless the wound is enlarged. This 
is common surgery, and ought also to be military 
surgery respecting gun-shot wounds." 

Hunter said, ‘It would be absurd for anyone to 
suppose that there is never any case to dilate gun- 
shot wounds at all; but it is certain that there are 
very few in which it is necessary." There was no 
need to open a through-and-through wound of the 
soft parts in which the bone had not been injured. 
He pointed out that ‘‘an extraneous body causes and 
keeps up the secretion of matter." If the wound 
was to be opened to allow foreign bodies to be dis- 
charged readily, measures would have to be taken to 
keep the external wound open, which was usually not 
done so that the external wound would close down in 
any case. He also pointed out of the enlargement of 
the wound, ‘‘as this must always be considered as 
an extention of the first mischief, we must suppose it 
to produce an increase of the effects arising from 
that mischief;" i.e. compounding the effects of the 
initial wound. ‘‘They are principally the compound 
wounds that require surgical operation . . . for in- 
stance a ball, or a broken bone pressing upon some 
part whose actions are either essential to the life of 
the part or the whole, as some larger artery, nerve, 
or vital parts; in such the case will determine for 
itself . . . if an artery is wounded . . . then, cer- 
tainly the vessel is to be tied, and most probably this 
cannot be done without previously opening the external 
parts, and often freely. . where there is reason to 
suspect a fracture of the scull, it is necessary to open 
the scalp . . . if a fracture is found, it is to be treated 
as any other fractured scull.” With fractured bones, 
he said suppuration almost invariably followed and it 
was usually well to remove bone fragments imme- 
diately. If a foreign body could easily be removed 


'RAVITCH 


Ann. Surg. e September 1977 


and would be more difficult to remove later than 
earlier, it should be removed. 


"Where some internal part is misplaced, which can be re- 
placed immediately in its former position, such as in wounds of 
the belly where some of the viscera are protruded, and it be- 
comes necessary to perform the operation of gastroraphia; . . . 
or when some vital part is present, so that its functions are lost 
or much impaired, such as will often happen from fractures of 
the scull, fractures of the sternum, etc. In short, when any- 
thing can be done to the part after the opening is made for the 
present relief of the patient for the future good arising from it. 
If none of these circumstances has happened, then I think we 
should be very quiet. Balls that enter any of the larger cavities, 
such as the abdomen or thorax, need not have their wounds 
dilated, except if something else is necessary to be done to the 
contained parts, for it is impossible to follow the ball; therefore 
they are commonly not opened, and yet we find they do very well." 


*"The present practice is not to regard the balls them- 
selves, and seldom or ever to dilate upon their account, 
nor even to search much after them when the wounds 
are dilated, which shews that opening is not necessary, 
or at least not made upon account of extraneous 
bodies," (a lesson still not learned by today's con- 
sultants to the producers of cowboy western movies). 
*"This practice has arisen from experience; for it was 
found that balls, when obliged to be left, seldom or 
ever did any harm when at rest, and when not in a 
vital part; for balls have been known to lie in a body 
for years, and are often, never found at all, and yet 
the person has found no inconvenience." Yet he did 
find some use for early surgical interference. If a ball 
could be felt near the external wound, it should be 
removed with bullet forceps ‘‘probes are become of 
little use; indeed, I think that they should never be 
used but by way of satisfaction, in knowing some- 
times when mischief is done; we can perhaps feel if a 
bone is touched, or if a ball is near, etc. But when 
all this is known, it is an 100 to one that we can vary” 
our practice and consequence of it. If the wound will 
admit of it, the fingers are the best instruments.” 

If the ball were felt subcutaneously without a wound 
of exit, he thought it should be removed only if the 
skin were obviously injured. ‘‘However,’’ he admitted 
"jt always gives comfort to the patient to have the 
ball extracted." With respect to wounds of the abdo- 
men, he points out that free communication of the 
viscus with the peritoneal cavity generally results 
fatally. A small wound to a hollow viscus with ad- 
hesion between the viscus and the parietes may well 


end successfully. In describing an officer fatally 


wounded in a duel, with obvious intestinal perfora- 
tions, the discussion is all of symptomatic treatment, 
in the hope that the bowel will seal against the wound 
and drain externally. As for the late development of 
a fistula from a contused wound of a viscus "this new 
symptom, although in general very disagreeable, will 
not be dangerous, for all the danger is over before 


~ 
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it can appear", although he does mention the un- 
pleasant consequence of a permanent fecal or urinary 
fistula and states with respect to the nutritive loss, 

- "How far the contents of the stomach escaping through 
a wound may not be attended with bad consequences, 
I cannot pretend to say.” 

With respect to wounds of the lungs, he says, ''It 
is pretty well known the wounds of the lungs (ab- 
stracted from other mischief) are not mortal." Death 
from hemorrhage, more common with sword or bayo- 
net wounds than with bullet wounds, was the greatest 
immediate danger. He points out in a very modern 
way “the lungs immediately collapse when either 
wounded themselves or when a wound is made into 
the chest, and not allowed to heal by the first inten- 
tion, and become much too small for the cavity of the 
thorax, which space, must be filled either with air or 
blood, or both, therefore adhesion cannot readily take 
place; but it very often happens that the lungs have 
previously adhered, which will frequently be an ad- 
vantage." He further says, 


"In the case of wounds made by cutting instruments, and 
where there is reason to suspect a considerable quantity of blood 
in the cavity of thorax, then we may ask what should be done 
and the natural answer is that the operation for the empyema 
Should be performed. This operation will relieve the patient of 
bringing the disease to the simple wound and somewhat nearer 
to the gun-shot wound; it should be performed as soon as possible, 


before the blood can have time to coagulate; for the coag- 


ulant of the blood may be with difficulty extracted.” 


And he says again, ‘‘when all symptoms appear, and we 
have great reason to suppose a considerable extravasa- 
tion of blood into the cavity of the chest, I think that 
we should not hesitate in performing the operation for 
the empyema.” 

With respect to the removal of ‘‘incurable parts” and 


= the time at which an amputation should be done, he 


^ 


says, ''I have already observed, few can support the 
consequences of the loss of the lower extremity when 
in full health and vigor; we know that a violent in- 
flammation will in a few hours alter the healthy dis- 
position, and give a turn to the constitution, especially 
if a considerable quantity of blood has been lost, which 
most probably will be the case where both accident 
and operation immediately succeed one another. The 
patient under such circumstances becomes low, simply 
by the animal life losing its powers, and hardly ever 
recovers afterwards." 


“Amputation of an extremity is almost the only operation 
that can, and is performed immediately on receiving the injury." 
".. . it has been a common practice to amputate on the field 
of battle; nothing can be more improper than this practice for 
the following reasons. In such a situation it is almost impossible 
for a surgeon, in many instances, to make himself sufficiently 
master of the case, so as to perform so capital an operation with 
propriety; and it admits of dispute, whether at any time, and in 
^ any place, amputation should be performed before the first in- 
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flammation is over; when a case is so violent as not to admit 
of a cure in any situation it is a chance if the patient will be 
able to bear the consequent inflammation, therefore, in such a 
case it might appear at first sight, that the best practice would 
be to amputate at the very first: but if the patient is not able to 
support the inflammation arising from the accident, it is more than 
probable he would not be able to support the amputation and its 
consequences; on the other hand, if the case is such as will admit 
of being brought through the first inflammation, although not 
curable, we should certainly allow of it, for we may be assured, 
that the patient will be better able to bear the second. . . . The 
amputation is a violence superadded to the injury; therefore, 
heightens the danger, and when the injury alone proves fatal, it 
is by a slower means." “The only thing that can be said in favor 
of amputation on the field of battle is, that the patient may be 
moved with more ease without a limb; than with a shattered one; 

. it has been found that few did well who had their limbs cut 
off on the field of battle; while a much greater proportion have 
done well, in similar cases, who were allowed to go on until the 
first inflammation was over and underwent amputation afterwards.” 


Obviously, if the limb were hanging only by shreds of 
tissue it was to be removed. He said that not often 
should the limb be removed simply because it was 
judged that after healing it would be useless. In mas- 
sive hemorrhage, amputation was frequently quicker 
and safer than a search for major bleeding vessels. 
“It will also be immediately necessary on the field 
to replace many parts that would destroy the patient 
if their restoration was delayed, such as the bowels 
or the lungs protruding out of their cavities; to remove 
large bodies, such as a piece of shell sticking in the 
flesh, which would give great pain, and do mischief by 
moving the whole together. Very little can be done to 
relieve the brain in such a situation.” 

In the section ''Of the Treatment of the Constitu- ' 
tion", he says, 


"bleeding is recommended in gun-shot wounds in such a 
manner, and as if of more service than wounds in general; but 
I do not see this necessity more than in other wounds that have 
done the same mischief, and where the same inflammation, and 
other consequences are expected. Bleeding is certainly to be used 
here, as in all wounds where there is a strong and full habit, 
and where we expect considerable inflammation and symptomatic 
fever; but if it is such a gun-shot wound, as not to produce con- 
siderable effects, either local or constitutional I would not bleed 
merely because it is a gun-shot wound.” 


He mentions local bleeding with the lancet or leeches 
“to empty the vessels of the parts to lessen the inflam- 
mation sooner, and of course to promote suppuration; 
but goes on to add that 


"bleeding must be used with great caution, where inflamma- 
tion and fever run very high, lest the patient be reduced, ‘too 
much for the constitution to support life’ . . . for the very worst 
thing that could happen, is the patient being reduced too low . . . 
We may avail ourselves of observing those who have lost con- 
siderable quantities of blood from the accident, which is always 
immediate, and we find too, that a second bleeding, by some 
other accident, although very small in quantity, often destroys 
our patient very quickly . . . A man will bear bleeding better 
after an amputation of the arm than leg; better after a com- 
pound fracture of the arm than the leg;" 
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Quinine was a standard remedy, ''bark is greatly rec- 
ommended in gun-shot wounds and with good reason; 
but it is ordered indiscriminately . . ." He thought, 
**the bark and gentle bleedings, when the pulse begins 
to rise, the best treatments that I know of in inflamma- 
tions that arise either from accidents or operations." 

John Jones was capable of pretty clear writing, and 
wrote specifically about the sorts of wounds the Revo- 
lutionary military surgeons might be expected to treat. 
He writes 


“Those wounds therefore are mortal, which are inflicted in 
those parts, whose cohaesion is inseparable from life; every 
wound therefore which destroys the free influx of the blood into 
the heart, and its expulsion from it, must be inevitably mortal. 
For this reason, every wound of the aorta must be attended 
with inevitable death, as no assistance of art can possibly be 
applied to stop the haemorrhage.” 


In wounds of arteries of the limbs, ‘‘the tourniquet 
may be applied till the bleeding vessel can be taken 


up by a ligature.” He points out that “many wounds: 


. in themselves not mortal, may be rendered so by 
neglect or erroneous treatment . . . hence, many die 
of haemorrhages which might have been stopped, and 
extravasaiions under the cranium, which the applica- 
tion of the trepan might have relieved.'' The effects 
of wounds are clearly described by our Revolutionary 
surgeon, in a manner indeed reminiscent of Samuel 
Sharp. 


"First, the parts . . . recede from each other more and 
more . . . 2dly. Thebloodflows . . . but by degrees stops spon- 
taneously, the elasticity of the arteries contracting their bleeding 
orifices. 3dly. A sanguineous crust is formed in the cavity of 
the wound . . . 4thly. A diluted reddish thin liquor flows from 
it . . . from the contraction of the larger vessels, while the serous 
and lymphatic, discharge their contents. 5thly. The lips of the 
wound begin to look red, become praeternaturally hot, painful, 
tumid, and retorted. And 6thly. A slight fever accompanied with 
thirst . . . 7thly. About the fourth day, sooner or later, accord- 
ing to the age of the patient and heat of the weather, a white 
pinguious, equal material, called pus, is generated in the wounds; 
and this produces very happy effects, by separating the lacerated 
vessels and extravasated fluids from the sound parts which then 
grow up afresh, — Hence laudable pus is esteemed by Surgeons 
the best of signs. 8thly. At this time the redness, heat, tumor, 
pain, retorsion of the lips, and fever, cease or are greatly dimin- 
ished . . . 9thly. The cavity of the wound is generally fill'd with 
new flesh, whilst the margins . . . are united . . ." 


Jones considered these steps the inexorable natural 
process of healing in a wound, with little to be done 
by "art". "And yet, how many infallible, healing 
balsams, and wonderful nostrums have been and still 
are imposed upon the world, not only by Quacks and 
Empiricks, but too many, whose education and knowl- 
edge of the animal oeconomy should render them in- 
capable of low artifact, or ignorance of nature's ad- 
mirable efforts for her own relief." He commends 
Sharp's use of dry, soft lint in recent wounds and 
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says that simple, incised wounds should be closed by 
the use of a "sticking plaster” whenever possible, and 
if not, by a direct suture . . ." performed in the 
following manner." 


"After cleansing the wound from coagulated blood, and all 
foreign bodies; let your assistant approach the lips toward each 
other, and having measured the depth of the wound with your 
eye, pass your needle, previously dipt in oil, at such a distance 
from the edge of the lip, as will make it equal to the depth of 
the wound; . . . draw your ligature close enough to bring both 
lips into immediate contact, without wrinkling or puckering the 
parts, and then make a double knot.” 


Once wounds have suppurated ‘I scarcely need ob- 
serve, that moderate evacuation, by bleeding, and 
gentle purging, together with a low diet, are, in these 
cases absolutely necessary." 

With regard to the relative hazard of injuries, he 
said, "All wounds of the heart, aorta, cerebellum, 
medulae oblongata, and receptaculum chyli, are justly 
deemed mortal" whereas wounds of the viscera ‘‘are 
only hazardous in proportion to the nature of the offices 
they perform in the animal oeconomy, and the degree 
of injury they have received.'' The surgeon’s part was 
essentially 


"directed to the prevention or diminution of inflammation; 
therefore after a proper dilatation of the external orifice, which 
in punctured, penetrating wounds is almost always necessary, 
the patient should immediately lose as much blood as his strength 
will bear, and this from a very large orifice, by which means 
the haemorrhage, if considerable, will be most effectively re- 
strained. The bleedings should be repeated at short intervals." 


^ 


In addition to frequent repeated bleedings, he advised, 
**Emollient Clysters’’, ‘‘cooling nitrous drinks", ano- 
dynes, liquid diet, and ‘‘a posture which at once con- 
tributes to the patient’s ease, and the discharge of any 
extravasated matter.” Eviscerated intestines were to 
be replaced, if necessary by enlarging the abdominal 
wound. In stab wounds of the chest with hemorrhage; 
“the external orifice must be immediately enlarged, in 
order to give a free discharge of the blood lodged in 
the cavity. The bleedings must be proportioned to the 
degree of haemorrhage, which, if violent, can only be 
restrained by large, and repeated venesections." In 
addition to rest, he recommends "'extreme cool 
regimen". 

With respect to compound fractures he points out 
that Pott advised immediate amputation for all com- 
pound fractures and that this is the usual recommenda- 
tion then practiced in large hospitals from ''the state 
of the air in the crowded wards’’, but that in private 
practice in the country, one might attempt to save the 
limb. However, ‘‘all fractures about the joints where 
the capsular ligaments are torn, and the heads of the 
bones are injured, require amputation, and that should 
be performed as soon as possible." He does not refer 
anywhere to John Hunter's views. 


- 


LI 


rm 


Vol. 186 e No. 3 


In setting a compound fracture, the wound was left 
open, and could be enlarged to facilitate reduction. 
Sometimes such a wound healed cleanly with little or 


_ no suppuration and at times “‘high inflammation, re- 


peated abscesses, and a great discharge" demanded 
amputation, "in consequence of the excessive drain 
and constant absorption of matter, which keeps up a 
continual fever, and daily waste of the patient's 
strength.” 

He obviously knew gangrene, ‘‘When a mortifaction 
takes place in consequence of a gangrenous disposi- 
tion of the juices, whether the injury be more or less 
severe, the muscular and membranous parts are cor- 
roded by an acrid lymph, the membranea adiposa is 
filled with air bubbles, producing an extensive em- 
physematous tumor in the skin, which is not yet 
apparently diseased, though it plainly points out the 
tragedy which is acting underneath.” He mentions 


~. "the gangrenous state of the muscles and adipose 


membrane, which are of a yellowish brown colour. . 
The skin becomes greatly inflated, and when pierced, 
discharges from beneath, a quantity of frothy matter 
with air; at last the skin itself turns livid, and a gen- 
eral mortification closes the scene." He says with the 
use of ‘the bark’’ and incisions, "in order to dis- 
charge the confined air and acrid matter, as well as 
to make room for the application of warm spiritous 
fomentations, and proper digestive ointments’’, and 
alcohol compresses, ‘‘the progress of the mortifica- 
tion is sometimes happily restrained, and a separa- 
tion of the sound, from the mortified parts taking 
place, admits of a composition for life, with the loss 
of the limb by amputation.” 

Amputations are described as being performed under 
a tourniquet. Two semi-circular incisions expose the 
muscles, two more divide the muscles ''quite down to 
the bones", the muscles are pushed back from the 
amputation level by an assistant and the bone sawed 
through. ''It is seldom necessary to take up more 
than three or four vessels, the mouths of which from 
their size are in general readily enough distinguished 
without loosening the tourniquet.’’ The ligatures were 
shoemaker’s thread and either simply passed through 
the vessel or through the tissues on either side of the 
vessel. The skin was held over the stump with the 
dressing. He stresses the necessity of avoiding a 
“pointed” stump. 

With regard to head injuries, he considered three 
phases,—injuries to the scalp, ‘‘the symptoms arising 
from a commotion or concussion of the brain’’, and 
the consequence of the fracture of the skull. With 
injuries of the scalp he mentions, ‘‘jaw-lock’’, exten- 
sive edema of the scalp ‘‘extending to the eye-lids and 


i, ears". With large scalp wounds and extensive de- 


tachment of the scalp, he recommends suture. He de- 
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scribes epidural collections attributed to ''an inflamma- 
tion of the meninges or membranes of the brain", 
implying an epidural infection, even in the absence 
of an obvious skin wound or a fractured skull, and 
requiring ‘‘perforating the bone". With symptoms of 
concussion of the brain, persisting or recurrent, the 
head should be shaved and the mark of an external 
bruise sought as a guide to the trephine because ‘‘the 
trephine cannot be applied with any tolerable propriety, 
unless we are guided by some external appearances, 
to the seat of the injury." 

Trepanning in undepressed fractures of the cranium 
has three purposes ''to relieve the complaints arising 
from the pressure of an extravasated fluid" . . . tto 
give a discharge to matter formed in consequence of 
an inflammation of the dura mater." *. . . or it may 
be used as a preventative of future mischief." He 
thought that there was no argument about the pro- 
priety of the first two indications, though there might 
be about the third. ‘‘As to the operation itself, and 
particularly to that part of it, which consists in per- 
forating the bone, there is neither pain, difficulty, nor 
danger in it." And his own conclusion was that the 
dangers of development of "pressure upon the brain; 
and the inflammation of its membranes" made it ad- 
visable to perform the operation, ‘‘in almost every case 
of a simple undepressed fracture of the cranium.” De- 
pressed fractures were to be treated either by trephine 
and elevation of small fractures or by removing all 
the depressed bone in large fractures. With respect 
to the interdiction by some against temporal trephines, 
he finds ‘‘that convulsion, vulgarly called the jaw-lock 
as frequently attends wounds made in other parts of 
the body, as those of the temporal muscles.’’ If there 
is found extravasated blood between the dura mater 
and the cranium, and the patient is relieved of his 
symptoms in a few hours, no more need be done. “‘If 
the symptoms of an oppressed brain should continue 
after the bone is perforated”’ the dura is to be divided 
with the point of a lancet. He describes in graphic detail 
a case of cerebral fungus. The entire section on head 
injury cites only civilian injuries. 

With respect to gunshot wounds he says, ‘‘The first 
intention, with regard to wounds made by a musket or 
pistol ball, is, if possible to extract the ball, or any other 
extraneous bodies lodged in the wound part. The next 
object of attention, is the haemorrhage, which must 
be restrained, if practicable, by tying up the vessel 
with a proper ligature; as no styptic is to be relied on, 
exclusive of the mischief they otherwise occasion." 
He commends Caesar Ranby and LeDran, who ‘‘advise 
as little search, with the probe or forceps as possible, 
as all irritation on these occasions increases the conse- 
quent pain and inflammation.” In severe wounds, and 
particularly those of large joints, amputation is to be 
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performed at once rather than after suppuration has 
developed. In the after treatment of these patients, — 
repeated bleedings, mild laxatives, ‘‘and to remove the 
rack of pain, recourse must be had to the sovereign 
and almost divine power of opium,—next to which the 
bark may be added, . . .'"' A panegyric on the virtues 
of quinine begins, ‘‘From what has been said, it is evi- 
dent, that the bark is one of the best remedies hitherto 
discovered, for contracting the vessels, and restoring 
their due action upon the blood.” 

He mentions subcutaneous emphysema and tension 
pneumothorax in simple or compound fractures of the 
ribs, ‘‘Wounding the vesicular part of the substance 
of the lungs, so as to permit the air to pass into the 
cavity of thorax, where being retained, it induces such 
a degree of difficulty in respiration, by compressing 
the lobes of the lungs, as sometimes to terminate in 
an absolute suffocation. The only remedy, capable of 
affording effectual relief in so distressing a situation, 


is, to perform the operation of the paracentesis : 


thoracis", and by this he meant simply an incision 
through and into the pleura. 

For burns he could offer only bleeding, clysters, 
purgatives, poultices and unguents and the use of 
escharotics in the late stages to burn down the granu- 
lations—, ‘‘fungous excrescences’’. 

In his appendix on military hospitals, he emphasizes 
the dangers of hospitalization. ‘‘In the two great Hos- 
pitals of St. Thomas, and St. Bartholomew, in London, 
about 600 patients die annually, which is about one in 13 
of those who are admitted as in-patients. In Paris it is 
supposed that one third of all who die there, die in 
Hospitals." His description of the Hotel Dieu, ‘‘It is 
impossible for a man of any humanity to walk through 
the long wards of this crowded Hospital, without a 
mixture of horror and commiseration, at the sad spec- 
tacle of misery which presents itself: The beds are 
placed in triple rows, with four to six patients on 
each bed; and I have more than once in the morning 
rounds, found the dead lying with the living;". The 
principal problem, he thought, was that the ‘‘morbid 
effluvia, which are continually exhaling from all parts 
of the body and lungs, must contaminate a larger pro- 
portion of the surrounding atmosphere.” 

In citing the danger of the effluvia arising from 
disease, he said, ‘‘For this reason no soldier should 
be permitted to ease himself any where about the 
camp, except in the privies, under the forfeiture of 
some slight but strictly inflicted penalty.” If diarrheal 
disease appeared, the privies were to be made deeper 
and covered layer by layer with earth as they filled. 
Straw and bedding should be frequently changed and 
aired. To keep the air clean in the hospitals, there 
should be few patients in each ward, which should be 
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well ventilated, —if necessary by removing a portion of 
the roof, and cleanliness was prescribed. 

In his introduction, John Jones had said, ‘‘To the 
Students, and young Practitioners in Surgery through 
all America" . . . “if any of you, by observing the 
following rules, should save a life, or even a limb of 
but one citizen, who has bravely exposed himself in 
defense of his country, I shall think myself richly re- 
warded for my labour.’ Whether they attended medi- 
cal school in this country or had studied abroad, 
whether, like John Warren, they were graduates from 
Harvard College or not, or, in fact, had merely worked 
for a physician for a period of time, there was, in 
fact, not much the doctor could do to affect the course 
of disease or the outcome of a wound. While Jones' 
advice about scalp wounds, skull fractures, simple 
fractures of the limbs, penetrating wounds of the chest, 
if followed, might well have saved some lives, the 
acceptance of his recommendations for venesection, 
then standard of course, would have tended to even 
the score. 

It is hard to tell whether Jones, Shippen, Morgan, 
Warren, and their colleagues would be more astonished 
by the witchcraft of today's radio communication and 
helicopter evacuation, or by a surgeon's general anes- 
thesia, blood replacement, precise operative tech- 
nique, careful hemostasis, and the control of the 
hideous problem of infection. They would have feit al- 
'most at home with trench foot, frost bite, the diarrheal 
diseases, and venereal infections, then, as now, an 
accompaniment of military life. They might have been 
surprised that we have sometimes chosen to go so far 
afield in our search for the loci of battle. And I would 
hope that with 200 years of reflection in the grave, it 
would have occurred to them that a civilization which 
produced so many miraculous advances ought long 
since to have elaborated a society in which military- 
surgery would be only a subject for historians. 
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Valve Replacement with the Starr-Edwards and Hancock 


Prostheses: 


Comparative Analysis of Late Morbidity and Mortality 


PHILIP E. OYER, M.D., EDWARD B. STINSON, M.D., RANDALL B. GRIEPP, M.D., NORMAN E. SHUMWAY, M.D. 


Although the Starr-Edwards caged-ball valve remains a 
standard of comparison for more recently introduced prosthe- 
ses, a substantial incidence of thromboembolic and hemor- 
rhagic complications prompted our evaluation of the Hancock 
glutaraldehyde-fixed porcine xenograft. We have compared 
the results of 435 aortic valve replacements using the Starr- 
Edwards valve (SE-AVR), 515 mitral valve replacements 
(SE-MVR), and 121 double-valve replacements (SE-AVR- 
MVR) with 251 aortic valve replacements using the xenograft 
aortic valve (X-A VR), 338 mitral valve replacements (X-MVR), 
and 88 double-valve replacements (X-AVR-MVR). The Starr- 
Edwards valves were used during the period 1963 through 
1973 and the xenograft valves between 1971 and 1976. No 
significant differences in patient age, sex, or preoperative 
hemodynamic data were noted between comparable groups. 
All patients with Starr-Edwards valves received long-term anti- 
coagulation while anticoagulants were used only for specific 
indications in patients with xenograft valves. Total follow up 
was 3944 patient years for the Starr-Edwards patients and 947 
patient years for the xenograft patients. Hospital mortality 
was not significantly different for comparable groups: SE-AVR 
6.9% vs. X-AVR 6.4%, SE-MVR 9.7% vs X-MVR 8.6%, and 
SE-AVR-MVR 7.5% vs. X-AVR-MVR 10.2%. Linearized 
mortality and morbidity data expressed as percent per pa- 
tient-year are tabulated below. Pairs which differ signifi- 
cantly (p < .05) are italicized. 








SE- X- 

SE- X- SE- X- AVR- AVR- 

AVR AVR MVR MVR MVR MVR 
Late mortality 6.3 3.4 7.9 4.5 7.8 6.2 

Thrombo- : 

embolism 6.0 2.6 10.9 4.1 6.6 3: 
Hemorrhage 5.7 0.7 5.5 1.4 4.1 1.0 
Valve failure 1.8 1.1 2.6 1.7 1.0 3.1 
Endocarditis 1.2 1.4 0.4 0.2 0.9 1.0 


Our data indicate that valve replacement with the porcine 
xenograft significantly reduces the incidence of thrombo- 
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embolic and hemorrhagic complications without off-setting 
increases in the rates of valve failure or endocarditis. The 
porcine xenograft therefore results in improved long-term 
patient survival. 


HE STARR-EDWARDS CAGED BALL value prosthesis 
T has now been utilized widely for longer than 15 
years and remains the standard of comparison for 
prostheses developed more recently. Since its intro- 
duction in 1960, various modifications of its original 
conformation have been made in order to correct 
deficiencies associated with the original models. Al- 
though improvements have been achieved, the Starr- 
Edwards valve continues to be associated with a sub- 
stantial incidence of thromboembolic and hemor- 
rhagic complications. For this reason we began to 
utilize Hancock glutaraldehyde-fixed porcine xenograft 
valves in the mitral position in 1971. The favorable 
results in this early series of patients encouraged us 
subsequently to utilize the xenograft valve for aortic 
valve replacement as well. This report is intended to 
update our experience with Hancock bioprostheses and 
to compare these data with our own experience with 
the Starr-Edwards Model 1260 aortic and Model 6120 
mitral prostheses.” For the purposes of this study, we 
have compared the long-term valve performance of pa- 
tients receiving Starr-Edwards aortic, mitral, and com- 
bined valve replacements with corresponding cohorts 
receiving Hancock porcine xenograft prostheses. We 
have analyzed overall patient survival as well as more 
specific criteria of valve performance including throm- 
boembolism rate, frequency of anticoagulant-associ- 
ated hemorrhage, and the rate of occurrence of endo- 
carditis. In addition, we have confirmed over an 
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TABLE 1. Preoperative Clinical Parameters 








Aortic Valves 





Starr Xenograft 

Number of patients 435 251 
Mean age s 58.5 58.0 
Preop NYHA class 

(mean) 2.87 2.71 
Postop NYHA class 

(mean) 1.36 1.28 
Male 319 190 
Female 116 61 
RA pressure 4.79 4.49 
PA pressure 23.53 21.38 
LA pressure 15.26 13.36 
LVED pressure 21.49 19.75 
Cardiac index 2.58 2.52 





extended observation period the durability of the 
glutaraldehyde-fixed xenograft valve. 


Patients and Methods 


The patients in this study were divided into the six 
groups shown in Table 1. Starr-Edwards Model 1260 
aortic valves were utilized in 435 patients between 
April 1968 and September 1974, while 251 patients 
received Hancock Model 242 aortic xenograft prosthe- 
ses between August 1971 and April 1976. Between 
December 1964 and October 1974, 515 patients re- 
ceived Starr-Edwards Model 6120 mitral prostheses, 
while 338 patients received Hancock Model 342 mitral 
xenografts between March 1971 and June 1976. In ad- 
dition, during corresponding periods, 121 patients 
underwent Starr-Edwards Model 1260/Model 6120 
combined aortic and mitral valve replacement, while 
88 patients received combined valvular replacement 
utilizing xenograft valves. 

No significant differences between comparable groups 
were noted in regard to the patient age, sex, or pre- 
operative hemodynamic values including mean right 
atrial pressure, mean pulmonary artery pressure, mean 
left atrial pressure, left ventricular end-diastolic pres- 
sure, and cardiac index as shown in Table 1. There 
was no significant difference in the distribution of 

















Mitral Valves Double Valves 
Starr Xenograft Starr Xenograft 
515 338 121 88 
54.6 $4.2 53.8 56.61 
3.11 2.94 3.04 3.01 
1.63 1.35 1.33 1.41 
19] 134 65 39 
324 204 56 49 
6.77 6.69 6.66 6.39 
35.64 33.89 35.03 34.53 
22.03 21.02 21.89 22.07 
12.76 12.77 15.73 15.47 
2.15 221 2.17 2.07 





preoperative or postoperative New York Heart As- 
sociation functional classes between comparable groups. 
The incidence of coronary artery disease was similar 
between comparable groups; however, aortocoronary 
bypass grafting was done more frequently in the later 
xenograft series. Since this additional procedure would 
be expected to have little impact on the various valve- 
related events investigated in this study, with the 
possible exception of overall survival data, we con- 
sider it justified to include these patients with com- 
bined procedures in the analysis. 

The operative techniques for aortic and mitral valve 
replacement have undergone only minor modification 
during the course of this study. A median sternotomy 
was utilized in all cases. The mitral valve was ap- 
proached through a left atrial incision immediately 
posterior to the interatrial groove. The aortic valve was 
exposed through a low oblique aortotomy. Effort was 
made to debride fully the valvular annulus of all calcium 
present to ensure secure valve seating and allow place- 
ment of the largest appropriate valve size. Myocardial 
protection during periods of aortic crossclamping was 
assured by continuous topical irrigation of the heart 
and intermittant lavage of the interior of the left 
ventricle with 0.9% saline cooled to 4°.7 All valves 
were fixed into position with interrupted Dacron mat- 


TABLE 2. Postoperative Follow-up Data 





Aortic Valves 





Mitral Valves Double Valves 








Starr Xenograft Starr Xenograft Starr Xenograft 

Number of patients 435 251 515 338 121 88 
Duration follow-up (patient-years) 1360 269 2159 581 425 97 
Maximum follow-up (years) 7.9 5.0 It 5.5 6.9 3.5 
Average follow-up (years) 3.3 1.2 4.3 1.8 3.5 Li 
Range of follow-up (years) 2.5-7.9 0.1-5.0 2.3-11 0.1-5.5 2.7-6.9 0.1-3.5 
Current survivors 319 226 295 283 79 73 

Lost to follow-up 0.596 0.096 0.4% 0.9% 0.0% 0.3% 
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tress sutures. Total cardiopulmonary bypass times and 
aortic crossclamp times were similar for comparable 
patient groups. 

Postoperatively all patients with Starr-Edwards 
valves were treated with warfarin sodium indefinitely. 
Approximately oné-half of the patients undergoing 
xenograft mitral valve replacement received anticoag- 
ulant therapy during the first three months postopera- 
tively, beginning on the day of chest tube removal. 
Thereafter anticoagulation was tapered and discon- 
tinued. The remaining patients undergoing mitral valve 
replacement with xenografts received no postoperative 
anticoagulation. Approximately one-fourth of the 
xenograft aortic valve group received short-term anti- 
coagulant treatment, while the remainder received 
none. Patients in whom anticoagulation was contrain- 
dicated received no postoperative anticoagulation. 
Those patients who, at operation, were judged to be at 
high risk for late thromboembolism were placed on 
anticoagulants indefinitely. This group, for example, 
included patients who exhibited significant amounts of 
intracardiac thrombus formation. Approximately 0.4% 
of all aortic xenograft valve patients, 17% of all 
mitral xenograft patients, and 1.4% of all double 
xenograft patients received long-term anticoagulant 
therapy. | 

Current methods of patient follow-up have been 
described previously.? All patients or their referring 
physicians were contacted during a three month inter- 
val at which time various clinical parameters were 
evaluated including all valve related complications. 
Table 2 summarizes pertinent follow-up information 
for each of the patient groups. The total duration of 
follow-up for all patients with Starr-Edwards valves 
was 3944 patients years, while the total duration of 
follow-up for patients receiving xenografts was 947 
patient years. 

Criteria required for a diagnosis of valve failure in 
this study have been previously delineated.” At least 
one of the following was considered sufficient for the 
diagnosis of failure: 1) postoperative development of a 
new murmur suggestive of valvular regurgitation un- 
less proved to be periprosthetic in origin, 2) thrombo- 
tic occlusion of the valve or multiple embolic episodes 
requiring reoperation, 3) infective endocarditis leading 
to reoperation or death, or 4) confirmed hemodynamic 
valvular dysfunction (stenosis and/or regurgitation) 
sufficient to warrant reoperation. All new episodes of 
focal neurologic defect, either transient or permanent, 
were considered to be thromboembolic events. 

Rates of patient survival, thromboembolic events, 
and valve failure incidence were expressed both by 
standard Kaplan-Meier acturial curves and by linearized 
occurrence rates.*.° The Gehan test was used to com- 
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Fisher test and X, analysis were used as appropriate 
in the evaluation of other variables.? 


Results 
Aortic Valve Replacements 


Patient survival. The early mortality rate (hospital 
mortality) for the Starr-Edwards aortic replacement 
group was 6.9%, while that of the xenograft aortic 
group was 6.4%. Late mortality in the Starr-Edwards 
aortic patients expressed as a linearized occurrence 
rate was 6.3% per patient year while the corresponding 
mortality rate in the xenograft aortic patients was 3.4% 
per patient year. These same data expressed acturially 
are shown in Figure 1; these mortality rates are signifi- 
cantly different at p < .05 level. All linearized mor- 
tality rates as well as valve-related complication rates 
reported are summarized in Table 3. 

Thromboembolism. The occurrence of thrombo- 
embolic events, both fatal and nonfatal, expressed as a 
linearized occurrence rate for the Starr-Edwards aortic 
group was 6.0% per patient year while that of the 
xenograft aortic group was 2.6% per patient year. The 
linearized rate of fatal emboli in the Starr-Edwards 
group was 0:5% per patient year, while no fatal 
emboli occurred among patients receiving the xenograft 
valve. Actuarial curves illustrating the occurrence of 
thromboembolic events in these two patient groups are 
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TABLE 3. Linearized Mortality and Morbidity Rates* 


Aortic Valves Mitral Valves Double Valves 
Starr — Xenograft Starr — Xenograft Starr — Xenograft 

Late Mortality 6.3 34 79 4.5 7.8 6.2 
Thromboembolism 

Overall 6.0 2.61 10.9 4.it 6.6 3.1 

Fatal 0.5 0.0 1.0 08 1.4 0.0 
Hemorrhzge 

Overall 5.7 6.7 5.5 1.4 4.1 10 

Fatal 0.7 0.0 0.9 0.2 0.2 0.0 
Valve failure 1.8 Li 2.6 1.7 1.0 3.1 
Endocarditis 1.2 L4 0.4 0.2 0.9 1.0 


* All values expressed as percent/patient-year. 
t Value skewed by uneven distribution of events in time. 
Significant differences underlined (p < 0.01). 


shown in Figure 2. Comparison of these data reveals 
significantly fewer emboli among patients receiving 
xenograft aortic valves. 

Seven thromboembolic events occurred in the xeno- 
graft group. Five of these occurred during the first 
month postoperatively, significantly skewing the lin- 
earized rate of 2.6% per patient year noted above. In 
contrast, those patients with Starr-Edwards valves sus- 
tained a continuing constant risk of thromboembolic 
events, as illustrated by the actuarial curve. 

Valve Failure. The incidence of valve failure was 
1.8% per patient year for the Starr-Edwards aortic 
group and 1.1% per patient year for the xenograft 
aortic group. Actuarial curves depicting the incidence 
of valve failure are shown in Figure 3. The dif- 
ference between the curves is not significant. 

Anticoagulant-related hemorrhage. The occurrence 
of anticoagulant related hemorrhage was calculated as 
a linearized rate. Since hemorrhagic events were 
evenly distributed throughout the postoperative course, 
linearized calculations are meaningful in this instance. 
This complication occurred at a rate of 5.7% per patient 
year in the Starr-Edwards aortic group. In addition, 
these patients were subject to a 0.7% per year risk of 
fatal hemorrhage. In contrast, patients with xenograft 
aortic valves sustained a 0.7% per patient year risk of 
anticoagulant-related hemorrhage. :No fatal hemor- 
rhage related to anticoagulant therapy has occurred in 
the xenograft group of patients. 

Endocarditis. The occurrence of endocarditis was 
likewise tabulated as a linear rate. Those patients 
in the S-E aortic group were subject to a 1.2% per year 
risk of developing endocarditis, while those in the xeno- 
graft group had a 1.4% per year risk. No significance 
can be attached to the slight difference in these figures. 
The linear mortality rates as well as the occurrence 
rates of all the above valve-related complications are 
presented in Table 3. 
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Mitral Valve Replacement 


Patient survival. Early patient mortality rates (hos- 
pital deaths) in both the Starr-Edwards mitral replace- 
ment group and in the xenograft replacement group 
were similar at 8.6% arid 9.7% respectively. The late 
mortality rate among Starr-Edwards patients amounted 
to 7.9% per patient year, while that of the xenograft 
patient group was 4.5% per patient year. Actuarial 
curves expressing these data are shown in Figure 1. 
Gehan comparison revealed a significantly better late 
survival rate of patients receiving xenograft valves than 
those receiving the Starr-Edwards valve in the mitral 
positon (p < .05). 

Thromboembolism. The overall occurrence rate of 
thromboembolic events among the Starr-Edwards mi- 
tral replacement patients was 10.9% per patient year, 
while that of the xenograft mitral group was 4.1% per 
patient year. The rate of occurrence of fatal émboli in 
the Starr-Edwards group was 1.0% per patient year. 
No patients in the xenograft mitral replacement group 
sustained a fatal embolus. . 

Actuarially determined rates of occurrence of throm- 
boembolic events in these two mitral replacement 
groups are shown in Figure 2. There was a signifi- 
cantly lesser incidence of thromboemboli in the xeno- 
graft patients relative to that sustained by Starr-Edwards 
patients (p < .001). 

As noted in the xenograft aortic replacement group, 
a clustering of embolic events occurred during the 
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early postoperative period. A total of 24 thrombo- 
emboli occurred among all patients receiving mitral 
xenograft valves. Of these 24 events, 16 or 6796 of the 
total number occurred within the first three months 
after operation, while the remaining eight episodes 
were distributed randomly over the ensuing years of 
follow-up. 

Valve failure. 'The incidence of valve failure among 
the Starr-Edwards mitral group was 2.6% per patient 
year, whereas that occurring among the xenograft 
mitral patients was 1.796 per patient year. Figure 3 
depicts the actuarial occurrence rate of valve failure 
within each group. The difference between the two 
mitral replacement groups is not significant. 

Anticoagulant related hemorrhage. The rate of occur- 
rence of anticoagulant related hemorrhage was 5.5% per 
patient year among those patients receiving Starr- 
Edwards mitral valve replacement. The corresponding 


» rate in those with xenograft valves was 1.4% per patient 


year. Fatal hemorrhagic events occurred at a rate of 
0.9% per patient year in the Starr-Edwards groups, while 
similar episodes occurred at a rate of 0.2% per patient 
year among the xenograft patients. 

Endocarditis. Those patients having Starr-Edwards 
mitral valves exhibited a 0.4% per patient year rate of 
postoperative endocarditis, while those with xenograft 
valves showed a rate of 0.2% per patient vear. The 
slightly lower occurrence in the xenograft group is not 
significantly different. 


Double Valve Replacement 


Patient survival. Hospital mortality rates were simi- 
lar for patients who received either Starr-Edwards or 
Hancock xenograft combined aortic and mitral replace- 
ment (7.5% and 10.2% respectively). The linearized 

i late mortality among the Starr-Edwards patients was 
7.8% per patient year and among the xenograft patients 
amounted to 6.2% per patient year. The actuarially 
calculated late survival rates in these two patient 
groups are depicted in Figure 1. The difference be- 
tween the two groups is not significant. 

Thromboembolism. The linearized frequency of 
thromboembolic events occurring in patients with 
Starr-Edwards valves was 6.6% per patient year while 
that among xenograft patients was 3.1% per patient 
year. Again, however, the linearized rate calculated 
for the xenograft patients is markedly skewed since 
all three embolic events that occurred in this group 
were limited to the first postoperative month. The maxi- 
mum follow-up for this group was three and one-half 
years. The 28 thromboembolic events that occurred 
among the Starr-Edwards patients, however, were 
evenly distributed throughout the entire 6.9 year 
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follow-up period for that group. This is illustrated by 
the actuarial curves depicted in Figure 2. As more 
patients enter the xenograft double valve group, the 
difference between the respective thromboembolic 
rates may be expected to achieve statistical significance. 

Valve failure. The frequency of valve failure among 
those patients who received combined Starr-Edwards 
aortic and mitral valve replacement was 1.0% per 
patient year compared to 3.1% per patient year for 
those receiving xenograft valves. These values are not 
significantly different. Actuarial curves expressing this 
data appear in Figure 3. 

Anticoagulant related hemorrhage. Anticoagulant 
related hemorrhage occurred as a rate of 4.1% per pa- 
tient year among Starr-Edwards patients and 1.0% per 
patient year among xenograft patients. These rates do 
not differ significantly. No fatal hemorrhages occurred 
among xenograft patients, while that group receiving 
Starr-Edwards valves exhibited a 0.2% per patient 
year fatality rate due to anticoagulant therapy. 

Endocarditis. Bacterial endocarditis occurred at 
similar rates in both Starr-Edwards and xenograft pa- 
tient groups, 0.9% per patient year and 1.0% per 
patient year, respectively. 


Discussion 


This analysis extends our previously reported ex- 
perience with the Hancock xenograft valve, and con- 
firms in several aspects the superiority of the xenograft 
bioprosthesis in comparison to the Starr-Edwards 
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models we have previously employed. Although we 
recognize that more recently introduced permutations 
of Starr-Edwards valves are reported to have signifi- 
cantly fewer associated complications, the older non- 
cloth-covered models 1260 and 6120 valves have con- 
tinued in widespread use now for nearly ten years. They 
justifiably, therefore, remain the standard by which 
newer valves are judged. For this reason we feel that 
this study of comparative data from a single institution 
is useful. 

Actuarially determined overall survival rates of pa- 
tients receiving xenograft valves in both aortic and 
mitral positions remain significantly better than those 
of similar patients with Starr-Edwards noncloth-cov- 
ered valves in place. Although preoperative patient- 
associated variables are primary determinants of late 
mortality,’* and thus comparison of inter-institutional 
data may be misleading when preoperative patient sta- 
tus is not statistically similar, it is noteworthy that the 
actuarially calculated survival rate of 88% (excluding 
operative mortality) at five years among our xenograft 
mitral patients compares favorably with the 81% five- 
year survival rate reported by Bonchek and Starr for 
the more recently introduced cloth-covered composite- 
seat prothesis.? Similarly, the projected three year 
actuarial survival rate for patients receiving aortic 
xenograft valves is 95% (excluding operative deaths) 
while that reported by Bonchek for composite-seat 
cloth-covered Starr-Edwards aortic valves was 85% at 
three years.? These comparative data imply no signifi- 
cant difference between xenograft valves and the later 
model Starr-Edwards cloth-covered prostheses as de- 
termined by survival data. 

Although the incidence of thromboembolism has 
been markedly reduced since the original prosthetic 
valves were introduced, no valve currently available 
has completely eliminated its occurrence. Our data re- 
veal a significantly lower thromboembolic rate in those 
patients having xenograft valves, as compared to 
patients with Starr-Edwards noncloth-covered valves. 
Furthermore, we have observed no fatal throm- 
boembolic events in any patient who has received a 
xenograft aortic or mitral valve in 947 patient years 
of observation. The importance of anticoagulant ther- 
apy during the initial two to three months postopera- 
tively was not fully appreciated early in our experience 
with xenograft valves. It is reasonable to assume that 
our recently adopted policy of prescribing short-term 
anticoaguiation for all patients receiving xenograft 
valves should eliminate some of these early embolic 
events. 

A further point regarding thromboembolic rates 
reported by various institutions is worthy of mention. 


OYER AND OTHERS 


Ann. Surg. e September 1977 


In order to compare interinstitutional rates meaning- 
fully, explicit definition of the criteria required for the 
diagnosis of a thromboembolic event must be clearly 
provided. Starr has recently stated that his current 
reports of thromboembolic rates associated with Starr- 
Edwards prostheses do not always include those cere- 
bral ischemic events which are transient in nature.?? 
Since at our institution all cerebral ischemic' events, 
regardless of duration, are considered to be thrombo- 
embolic in origin, unless proved otherwise, direct com- 
parison of the embolic rates reported herein with those 
reported by other institutions must take into con- 
sideration these differences of definition. 

It is now well recognized that previous experience 
with tissue valves, both at Stanford and elsewhere, 
was often initially quite good, with adequate hemo- 
dynamic performance and significantly lower thrombo- 
embolism rates even in the absence of anticoagulant 
therapy. However, within a short time, most often 
between one and two years postoperatively, an unac- 
ceptably high rate of valve failure became evident.* 
The most common failure mode was tissue degenera- 
tion with consequent valvular regurgitation. Occasion- 
ally, valve tissue disruption occurred suddenly with 
catastrophic result, as in the case of formalin-fixed 
tissue valve prostheses.? The evolution of the present 
Hancock xenograft valve, which was designed to alle- 
viate the problem of limited tissue durabilty and yet 
retain the athrombogenicity of earlier tissue valves, has 
been summarized previously.*:4 

Analysis of our follow-up data suggests that this goal 
has been achieved, at least within the constraints of 
our observation period which has now been extended 
to more than five and one-half years. During this time 
only three proved primary tissue failures have occurred 
in 667 patients. All occurred in xenografts in the mitral 
position. One consisted of an idiopathic perforation of ^ 
a single leaflet. The remaining two tissue failures con- 
sisted of acquired bioprosthetic valvular stenoses. In 
one case dense fibrin deposits within the valve sinuses 
impeded opening, while in the other instance, exhuber- 
ant fibrous tissue ingrowth over the xenograft leaflets 
resulted in poor leaflet motion and significant hemo- 
dynamic obstruction. There has been no instance of 
sudden, catastrophic tissue disruption in our experi- 
ence with glutaraldehyde-fixed valves. 

Any consideration of the relative merits of various 
prosthetic valves presently available must include the 
requirement for anticoagulant therapy. Because of the 
significant frequency of anticoagulant-associated hem- 
orrhage, both fatal and non-fatal, observed in our 
patients who have received Starr-Edwards prostheses 
and similar frequencies of such events reported by 
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others, we consider the requirement for indefinite 
anticoagulation to be a considerable disadvantage. 
These figures do not take into account, of course, the 
substantial amount of time and inconvenience required 
for the long-term maintenance of proper anticoagula- 
tion control. 

In our experience there have been no known in- 
stances of hemolysis in patients receiving xenograft 
valves in the absence of periprosthetic leak. We have 
noted this complication in approximately three percent 
of our patients receiving Starr-Edwards prostheses, 
although in no case has it been necessary to replace a 
noncloth-covered valve for this problem alone. The 
rate of occurrence of hemolysis associated with fully 
cloth-covered Starr-Edwards valves is not well defined; 
however, a finite incidence of low-grade ongoing he- 
molysis does exit in patients receiving these valves.? 
The long-term implications of this process are not 
known at present. 

Endocarditis is a complication to which all patients 
with prosthetic valves remain susceptible indefinitely. 
Our data suggest that the rate at which endocarditis 
occurs in patients with xenograft valves does not differ 
significantly from the occurrence rate in those patients 
with Starr-Edwards valves, in either the aortic or mitral 
position. We have observed a total of six cases of endo- 
carditis involving xenograft valves. Five of these cases 
involved aortic prostheses and one a mitral prosthesis. 
One of the aortic cases and the single case of mitral 
xenograft endocarditis underwent re-replacement of 
the infected prosthesis during the acute phase of en- 
docarditis. Both patients died postoperatively. The 
remaining four patients recovered with antibiotic ther- 
apy alone; thus, bacterial invasion of the tissue valve 
does not necessarily lead to valve leaflet disruption. 


` 


Summary 


We conclude on the basis of comparative data gen- 
erated in our own institution that the Hancock xeno- 
graft valve compares quite favorably to the Starr- 
Edwards prostheses in regard to durability and suscep- 
tibility to endocarditis,and that it appears superior 


DISCUSSION 


Dr. ALBERT STARR (Portland, Oregon): These two presentations 
demonstrate the current choice that we now have in valvular 
prosthetic substitutes. On the one hand, we have bioprostheses 
capable of acting hemodynamically in a satisfactory manner and with 
a low incidence of thromboembolism, without the need for long-term 
anticoagulants; on the other hand, the durable type of mechanical 
prostheses. 
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when thromboembolic rates, overall survival rates, and 
morbidity and mortality due to anticoagulant-asso- 
ciated hemorrhage are considered. The complications 
of thromboembolism and anticoagulation associated 
with Starr-Edwards valves have contributed impor- 
tantly to the lower survival rates we have observed 
in such patients. The Hancock xenograft bioprosthesis 
appears, therefore, to be the valve of choice. 
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Certainly, our current practice is to be certain that both of these 
types of approaches are available in the operating room, so that a 
prosthesis can be chosen for a patient, depending upon the patient's 
requirements and his ability to take anticoagulation. 

I'd like to focus some attention on the problem of cloth wear. 
In Dr. Spencer and Dr. Isom's series of patients they noted this in 
only a small percentage of patients; but in those patients who were 
subject to reoperation for any reason, cloth tear is frequently noted. 
In our own experience, in about three out of four patients who 
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have reoperation following aortic valve replacement with a cloth- 
covered valve, we see cloth tear, perhaps asymptomatic. And this 
type of mechanical derangement of the valve is something that we 
should try to avoid if we possibly can. 

And so, for this reason, from 1972 until the present, whenever 
we select a cloth-covered type of prosthesis, we prefer to use 
a valve in which cloth tear cannot occur. 

(Slide) We have been using a modification of the prosthesis that 
Dr. Spencer’s group has shown, the track valve, both in the mitral 
and in the aortic position. 

(Slide) The next slide shows our results with this valve, compared 
with the other types of ball-valve prosthesis that we have been 
using, in terms of the need for removal. On the top curve is the 
noncloth-covered valve, which we still use in selective cases, which 
is 98% removal free at ten years. With the cloth-covered valve, 
with isolated mitral valve replacement, the need for removal, the 
percentage of patients that were removal free was 91% at the end of 
six years. : 

With the track valve, shown here, it's superimposed upon the non- 
cloth-covered valve, and so the track valve in the mitral configura- 
tion seems to provide us with a prosthesis that has the durability 
of the noncloth-covered valve, in terms of a very low reoperation 
rate. 

(Slide) The next slide shows similar information with regard to 
the aortic valve, and the percentage of patients who were removal 
free in this actuarial analysis. For example, with the noncloth- 
covered valve the chance to be removal free at the end of ten years 
is 92%. However, with the cloth-covered valve you can see that by 
the eighth yeer the chance to be removal free is only 85%. The 
track valve, now in its fourth year of experience, follows the upper 
curve of the more durable noncloth-covered valve. 

(Slide) Now, in addition, the track valve seems to function like 
the cloth-covered valve in terms of low incidence of thrombo- 
embolism. Here you see in this curve the track valve following the 
course of the cloth-covered valve, with 85% of the patients embolus 
free by six years following isolated mitral valve replacement. 

So that I believe we have to focus our attention on the 
permanent type of prosthesis that will not be susceptible io 
mechanical derangement, if possible, and 1 believe that the track 
configuration does add this to the cloth-covered valve, and retains 
the low thromboembolic rate of that type of prosthesis. 


Dr. James Roya, MaALM (New York, New York): I'd like to 
briefly review our own experience with the ball valve and with the 
xenograft at the Columbia Presbyterian Hospital, mainly to at least 
eliminate the excellent California weather as one factor in the 
survival rates. 

(Slide) In our series of ball-valve prostheses, some 848 ball-valve 
prostheses, mainly of the Starr-Edwards type, but 200 of the Cutter- 
Braunwald type, this was the initial operative mortality, and our 
actuarial curves were quite similar to those presented. Up to the 
first 12 years this actuarial is minus the first 30 mortality, and you 
will notice at five years the survival rate is 6596, and it drops to almost 
4096 after 12 years. 

(Slide) Our experience with the Hancock xenograft is a somewhat 
smaller series, but absolutely comparable in terms of severity of 
disease, with an over-all reduction in operative mortality. 

(Slide) The follow-up on this particular xenograft series was of 
interest, with follow-up now into the third year, with an embolus 
rate of less than two per cent in both the mitral and aortic group, 
the mitrals receiving anticoagulants for a three-month period; only 
three surgical valve-related complications, and no valve failures. 

(Slide) This is the comparative actuarial curves on all the ball- 
valve prostheses, the Cutter-Braunwald prostheses and the Hancock 
prostheses, at twenty-four months. This is 80% now. A small group 
of these now extended to 36 months are in a straight line of survival. 
And while in the past we have ascribed this fall-off in the survival 
rate primarily due to patient disease, one can't help but conclude 
from this that many of these are in some way prosthetic-related 
late deaths. 
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So that, first of all, the prosthesis, and particularly the track 
valve, is a very noisy valve, and patients do object to the click. The 
very low incidence of embolus in the xenograft, the lack of need for 
long-term anticoagulation, and the rather excellent long-term 
survival make this a very desirable prosthesis. 


Dr. CHARLES R. HATCHER, JR. (Atlanta, Georgia): I too would 
like to congratulate both groups on splendid results and excellent 
presentations, and present just a bit of our data, which I feel 
tends to support the conclusion of the Stanford group. 

In a recent two and one-half year period 250 Hancock valves were 
inserted in 315 patients at Emory University Hospital. Aortic valve 
replacement carried a four per cent operative mortality and a one 
per cent late mortality; mitral valve replacement, a nine per cent 
operative and a two per cent late mortality; and multiple valve 
replacement a six per cent operative mortality and four per cent 
late mortality. 

(Slide) The complication rate was low. Only 16 patients in the 
series were anticoagulated. Anticoagulation is reserved for mitral 
patients with marked left atrial enlargement, chronic atrial fibrilla- 
tion, or known atrial thrombus. 

(Slide) Hemodynamic improvement in these patients was quite 
gratifying. 

The major disadvantage of the porcine heterograft has been the 
high gradients noted in recatheterization of some of the smaller-size 
valves in either position in certain of our patients. We therefore 
at present use a No. 29 or larger mitral valve and a No. 23 or larger 
aortic valve. If necessary, the aortic root is enlarged by carrying 
a transverse aortotomv through the noncoronary sinus and a few 
millimeters into the anterior leaflet of the mitral valve. 

In children, or in cases of extremely small aortic annulus, a 
vertical aortotomy is carried across the annulus, with the creation 
of a ventricular septal defect; a patch then being employed to close 
the VSD serves to attach a portion of the enlarged annulus to the 
prosthetic valve, or to the heterograft valve, and to close the 
aortotomy. The associated right ventriculotomy may be closed with 
or without the use of a small additional patch. 

(Slide) 1 think you can see the VSD created here, a triangular 
portion of the patch sutured. A prosthesis of any size can be used 
in a child or adult with a small annulus, sutured to the mid-portion 
of the patch, and then this portion is used to close the aortotomy. 

It would seem that the advantages of the heterograft are 
becoming more apparent as our experience accumulates. 


Dr. Dwicur C. McGoon (Rochester, Minnesota): We all hope 
that the newer valves will be improved valves, but I would like to 
raise certain questions relative to the comparisons, with the 
realization that none of us have been able to achieve true randomiza— 
tion, or true comparability. I would like to direct my questions 
particularly to Dr. Griepp, et al. with respect to comparability of 
patients. 

I believe I am correct in saying that during the time that their 
experience with Starr-Edwards valves was being accumulated, they 
were also operating on patients and inserting tissue valves of another 
type; namely, homograft valves. And although they have assured 
us that the groups are comparable in terms of age and other 
categorizations, I would like to know how selection was determined, 
as to whether a patient received a Starr-Edwards valve or a homo- 
graft valve during the time when the prosthetic valve experience 
was being accumulated. 

Certainly, if the tissue valve, namely, the Hancock valve and its 
similar types, has an Achilles’ heel, it must be with respect to its 
durability. And I question whether the comments that it provides an 
improved long-term patient survival and satisfactory durability can 
be justified on the basis of an average follow-up of 1.2 years for 
the aortic valves and 1.8 years for the mitral valves. 


Dr. PuiLiP E. Over (Closing discussion): In regard to Dr. 
McGoon’s questions pertaining to our previous homograft experi- 
ence, I would say that this data was accumulated largely before I 
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was at Stanford, and therefore I cannot comment on these studies 
in detail. However, I can say that there was some selection of those 
patients to receive homograft valves. In other words, the homograft 
patients did tend to be younger patients who were felt to have a 
longer survival outlook, and therefore it was felt at the time that the 
homograft valve would be better for them. As reported earlier, 
however, preoperative hemodynamic parameters for these patients 
were quite similar to those of patients receiving Starr-Edwards valves 
in this earlier series. The present series of xenograft patients 
on whom we are reporting today, however, were not selected in any 


way. Virtually all patients undergoing valve replacement at Stanford ` 


now receive xenograft prostheses. Although the various series of 
patients with which this report is concerned are, in fact, consecutive, 
and therefore subject to the limitations of any consecutive studies, 
the patients were quite closely matched as determined by numerous 
preoperative factors.which are outlined in more detail in the man- 
uscript. It is true that coronary bypass grafting was performed 
more frequently in conjunction with valve replacement over the last 
two or three years as compared to earlier years when our Starr 
valve experience was accumulated. In spite of the shortcomings 
of comparing consecutive series of patients, I believe this sort 
of data from a single institution is still frequently more instruc- 
tive than that generated from comparison of interinstitutional data, 
since patient-associated variables, major differences in operative 
technique, etc. may enter in and are much more difficult to control 
and evaluate. Dr. McGoon's further point concerning durability of 
the xenograft valve is well taken. It is true that the average follow-up 
in our series of xenograft patients was onlv approximately one and 
one-half years. The average follow-up figure, however, is some- 
what deceptive since the calculation of the average follow-up in- 
cludes patients who only very recently received their valve. Ac- 
cordingly since new xenograft patients are continually being 
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entered into the series, the average duration of follow-up is not 
built up very rapidly Of more importance, I think, is the maximum 
follow-up duration which as I pointed out earlier is now five and 
one-half years for the mitral xenograft. Although there are ad- 
mittedly relatively few patients followed this long postoperatively, 
the fact that we have seen only three primary tissue failures in this 
entire series, and only one of these was actually a tissue disruption, 
is, I think, extremely encouraging in regard to the long-term 
durability of this valve. 

In regard to Dr. Hatcher's comments concerning gradients associ- 
ated with the xenograft valve, I would point out that this has been 
more of a problem in the aortic area than in the mitral area. There 
is now available a modified orifice valve for placement in the 
aortic position. /n vitro studies have indicated that gradients across 
the valve are significantly reduced. 


Dr. O. WAYNE Isom (Closing discussion): We haven't used the 
track valve at our institution for two reasons: 1) because of the 
reported noise problem, and 2) because of Dr. Starr's report of the 
increased thrombogenicity of the valve off anticoagulants. 

With regards to Dr. Malm's and Dr. Hatcher's comments, I would 
just say that I think Dr. McGoon made my point, in that both these 
series started in 1974. We are certainly encouraged by the data 
generated since 1971 from Stanford, and we look at that with 
expectant eyes. However, if you took our patients and just started 
following them since 1971 and 1972, our survival curves would be 
very similar to that obtained by the California group. Our emboli 
would be very similar. I would also point out that a lot of things 
have changed in the past four or five years, and some of the improve- 
ments that we see in survival and in complications may be due to 
improved techniques. 


Long-term Results in 1375 Patients Undergoing Valve 
Replacement with the Starr-Edwards Cloth-covered 


Steel Ball Prosthesis 


O. WAYNE ISOM, FRANK C. SPENCER, EPHRAIM GLASSMAN, PHYLLIS TEIKO, ARTHUR D. BOYD, 


JOSEPH N. CUNNINGHAM, GEORGE E. REED 


The two principal considerations with prosthetic valves are 
durability and thromboembolism. With the widespread 
interest in recently developed prosthetic valves (porcine, tilt- 
ing disc, Cooley), the long-term results at one institution with 
a single prosthesis were considered of particular importance. 
Accordingly, a 97% follow-up has been completed on 1375 
patients (pts) undergoing prosthetic valve replacement with 
the Starr-Edwards cloth-covered steel ball prosthesis at New 
York University between October 1967 and December 1975. 
Operative procedures were as follows: aortic valve replace- 
ment (AVR): 470. pts; mitral valve replacement (MVR): 362 
pts; combined AVR and MVR: 129 pts; other combined 
procedures: 414 pts. Overall operative deaths were 13.7%, 
9% for AVR, 10.8% for MVR, and 18.6% for combined AVR 
and MVR. At seven years, AVR survival was 64%, and 
MVR survival 64.5%. There has been widespread pessimism, 
usually without significant data, about the cloth-covered 
prosthesis, because of concern of cloth wear, hemolysis and 
other complications. Therefore, a partícularly significant find- 
ing by actuarial analysis was that 85% of surviving patients 
with isolated AVR remained free of emboli for five years. 
In pts surviving isolated MVR, 80% remained free of emboli 
for five years. Of those having embolic episodes, 33% were not 
on anticoagulants. Fatal hemorrhage from anticoagulants 
occurred in 0.8% of pts. Endocarditis occurred in 5.7% of the 
entire group, with 1.3% requiring reoperation. Clinically signif- 
icant hemolysis occurred in 5.1% of the group, with only 0.2% 
requiring reoperation. Hence, the total frequency of clinically 
significant cloth-wear was less than 0.5%. These data indicate 
both the reliability and the limitations of the Starr-Edwards 
cloth-cóvéred steel ball valve and can be used in comparing ex- 
periences with the more recently developed prostheses. 


His report is an evaluation of the long-term course 

of 1375 consecutive patients undergoing valve re- 
placement with the Starr-Edwards cloth-covered steel 
ball prosthesis at New York University between Octo- 
ber, 1967 and December, 1975. Early experiences with 
this prosthesis have previously been reported in 1970 
and 1972.22 As the results have consistently been 
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very good, the Starr-Edwards steel ball prosthesis has 
been used in almost all patients undergoing valve re- 
placement, over 90% since 1967. 

Since the first successful valve replacement with the 
prosthetic valve was performed by Starr in 1961, many 
different prostheses have been evaluated, including ball 
valves, disc valves, and different forms of tissue valves. 
The hemodynamic differences among these have been 
small. Initially, operative mortality was the dominant 
consideration but has progressively decreased with ex- 
perience to the range of five to eight per cent in most 
major centers in the past two to four years.??* Much 
of this decrease in mortality is undoubtedly due to a 
better understanding of myocardial physiology and 
better methods of myocardial preservation. 

Long-term survival following valve replacement is 
clearly influenced by three major factors: the extent 
of irreversible cardiac disease existing before opera- 
tion, usually manifested as left ventricular enlarge- 
ment and myocardial fibrosis; operative injury (grams 
of myocardium infarcted at operation), and subsequent 
complications due to the prosthesis. 

The principal problem with prosthetic valves 
throughout has been thromboembolism and the need 
for anticoagulants. The exciting findings with the 
porcine xenograft reported by several groups in the past 
five years, with its freedom from thromboembolism 
and the necessity for anticoagulation, prompted this 
detailed review of our experiences. Accordingly, 
over the past year, a 97% follow-up has been com- 
pleted on the 1187 patients surviving valve replace- 
ment. This follow-up was either done by personal or 
telephone interview with the patient or primary 
physician. Only three per cent were lost to follow-up, 
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two per cent having returned to homes outside the 
United States. 

The different factors evaluated included long-term 
survival; general level of physical activity and cardiac 
function; thromboembolism and anticoagulation prob- 
lems; endocarditis; and complications of the prosthe- 
sis, such as cloth-wear, hemolysis, or perivalvular 
leakage. 


Materials and Methods 


A total of 1375 patients (733 males, 642 females — 
mean age: 54.6 years) underwent valve replacement 
with the Starr-Edwards cloth-covered steel ball 
prosthesis between October, 1967 and December, 1975. 
Patients in whom a disc valve or xenograft valve were 
used were excluded from the study. Ninety per cent of 
patients were in New York Heart Classification [J] or 
IV. No patient was denied operation because of the 
advanced stage of his valvular disease. Repeatedly 
throughout our experience, no fixed contraindication 
has been found to operation in patients with far ad- 
vanced valvular disease as long as associated diseases, 
such as cerebral vascular disease or renal artery disease 
were not present. The Starr-Edwards prosthesis was 
changed as new models developed after October, 
1967, initially including the aortic and mitral models 
2300 and 6300, then the 2310 and 6310 series, and 
subsequently, the aortic 2320 and the mitral 6320 
series. All patients were routinely evaluated with right 
and left heart catheterization and coronary angiography 
before operation. 

A uniform perfusion technique was used throughout 
with the Temptrol bubble oxygenator at a flow rate of 
2.5 liters/minute/meter?. Mean perfusion pressures 
were usually maintained during bypass at a level similar 
to that existing beforehand. Following excision of the 
diseased valve, the prosthesis was inserted with mat- 
tress sutures of 1-0 Dacron routinely buttressed with 
Dacron pledgets.!? For the past several years, the rou- 
tine use of pledgets for all sutures has virtually 
eliminated the problem of perivalvular leakage. 

The size of the valve used was carefully selected in 
relation to the size of the patient. Gradients were rou- 
tinely measured after bypass by needle puncture of 
appropriate cardiac areas to be certain that significant 
stenosis was not present. This policy may be primarily 
responsible for the fact that the development of ‘‘late 
stenosis" was virtually unknown. 

` In most instances, coronary perfusion was employed 
during aortic valve replacement at a total flow rate near 
300 ml/minute. In the past two to three years, especially 
in the presence of coronary artery disease, hypo- 
thermic ischemic arrest (myocardial temperature below 
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20 to 25°) with potassium cardioplegia has been fre- 
quently used.? 

During mitral and tricuspid valve replacement, inter- 
mittent aortic cross-clamping for periods less than 15 


minutes at 25 to 30°, followed by three to five minutes 


of perfusion was used, routinely venting the aortic 
root to remove air. For the past four to five years, 
coronary artery lesions have been bypassed with 
saphenous vein grafts if significant stenosis were found 
on coronary angiography. With tricuspid disease, re- 
placement has been used less and less in recent years, 
finding a posterior leaflet annuloplasty satisfactory in 
the majority of patients.? 

Following operation, left atrial pressure and mixed 
venous Po, concentrations were monitored for one to 
two days with small polyvinyl catheters inserted at 
operation; a technique routinely used for over 15 
years. Antibiotics were given before operation and 
anticoagulation with warfarin begun two to three days 
after operation. 

In December, 1970, a trial of terminating anticoagu- 
lation was evaluated, stopping it one year following 
mitral valve replacement and three months following 
aortic valve replacement. This promptly resulted in an 
impressive increase in the frequency of thromboem- 
bolism, rising in patients with mitral valve replacement 
from two to three per cent to 22%; so anticoagula- 
tion was routinely reinstituted. With aortic valve 
replacement, embolic complications were less fre- 
quent; patients were left without routine anticoagula- 
tion until 1975. At this time, because reports from 
several groups demonstrated benefit with anticoagula- 
tion, the policy of routine anticoagulation was re- 
started for patients with aortic prostheses. This varying 
anticoagulation policy undoubtedly influenced the fre- 
quency of thromboembolism described in this report. 

Data obtained from the follow-up patient evaluation 
were subjected to computer analysis. Survival curves 
based on the Life-Table method of Kaplan and Meier! 
were obtained for the entire group and for separate 
subgroups. Actuarial curves and frequency distribu- 
tions were constructed to analyze the incidence of 
late complications. 


Results 
Operative Mortality 


The operative mortality with each year for the overall 
number of patients undergoing valve replacement is 
shown in Table 1. The mortality fell from a high level 
of 16.5% in 1968 to 9.6% in 1975, undoubtedly repre- 
senting improvement in technique, better methods of 
avoidance of air embolism, and improved methods of 
myocardial preservation. The causes of operative death 


312 


TABLE 1. Annual Operative Mortality Following 
Prosthetic Vaive Replacement 
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TABLE 3. Operative Mortality Following Aortic 
Valve Replacement (1967—1975) 











Year Number Deaths Mortality 
1967 7 : 2 28.5% 
1968 79 13 16.5% 
1969 118 15 12.7% 
1970 183 24 13.1% 
1971 203 35 17.2% 
1972 215 29 13.5% 
1973 202 27 13.3% 
1974 201 27 13.4% 
1975 167 16 9.6% 

Total 1375 188 13.7% 








Year Number Deaths Mortality 
1967 6 2 33.3% 
1968 29 3 10.3% 
1969 35 3 8.6% 
1970 63 5 8.0% 
1971 51 4 7.8% 
1972 76 4 5.3% 
1973 73 8 11.0% 
1974 85 9 10.6% 
1975 32 4 7.796 
Total - 470 42 9.0% 





for the entire group are shown in Table 2. Of the total 
of 188 deaths, 145 were due to four major causes, low 
cardiac output (90 patients), myocardial infarction 
(23), renal failure (16), and arrhythmias (16). All of 
these undoubtedly represent complications of both 
technique and perfusion and should be improved or 
almost eliminated with a better uriderstanding of myo- 
cardial physiology. This is almost certainly the reason 
for the progressive decrease in operative mortality. 
Experiences with aortic valve replacement are 
shown in Table 3, with operative mortality decreasing 
from an average of 22% during 1967 and 1968 to 7.7% 
in 1975. Similar figures for mitral valve replacement 
are shown in Table 4 with mortality markedly decreas- 
ing from 17% in 1968 to 6.9% in 1975. Mortality for 
combined aortic and mitral valve replacements are 
shown in Table 5, reflecting almost an additive effect of 
the risk of aortic and mitral valve replacements. For 
unexplained reasons, the operation of aortic valve 
replacement with mitral valve reconstruction had a 
surprisingly low mortality, 3.6% in 28 patients, Table 7. 
With combined mitral and tricuspid valve replace- 
ment or repair, the average mortality for the first 
three years was high, decreasing from an initial 31% 
to 6% in 1975 with an overall average of 17% (Table 6). 
This undoubtedly reflects both the technique of opera- 
tion and the more advanced myocardial disease and 


TABLE 2. Causes of Operative Deaths in 1375 Patients Undergoing 
Prosthetic Valve Replacement (1967—1975) 


Cause Number 
Low output 90 
Myocardial infarction 23 
Renal failure 16 
Arrhythmia 16 
Sepsis 12 
Neurological 9 
Complications of reoperation 6 
Miscellaneous 16 


Total 188 


cardiac failure present with these combined lesions. 
Unusual data for combined procedures are illustrated in 
Table 7. Aortic valve replacement combined with 
coronary bypass had a mortality only slightly higher 
than aortic valve replacement alone, 12.5% vs. 9.0% 
(Table 3). 

An especially puzzling difference in operative mor- 
tality is reflected in the difference in mortality for 
aortic valve replacement combined with coronary by- 
pass (12.596 mortality) and mitral valve replacement 
combined with coronary bypass (27.896) (Table 7). This 
striking difference in mortality, observed by others, 
thus far remains unexplained. 


Long-term Survival 


Sixty-four per cent of all patients undergoing valve 
replacement of different types survived five years and 
57% seven years. All survival curves were calculated 
by the actuarial method, including operative and late 
cardiac deaths but excluding late non-cardiac deaths 
(Fig. 1). The five-year survival following isolated aortic 
valve replacement was 70% and the seven-year survival — 
was 6496 (Fig. 2). The causes of 69 late deaths follow- 
ing 470 aortic valve replacements are tabulated in 
Table 8. Three events, sudden death, congestive heart 
failure, and myocardial infarctiori accounted for 47 of 


TABLE 4. Operative Mortality Following Mitral 
Valve Replacement (1967—1975) 





Year Number Deaths Mortality 
1967 — — — 
1968 29 5 17.296 
1969 58 9 15.596 
1970 59 6 10.2% 
1971 59 8 13.6% 
1972 47 5 10.6% 
1973 48 1 2.1% 
1974 33 3 9.1% 
1975 29 2 6.9% 

Total 362 39 10.8% 
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TABLE 5. Operative Mortality Following Combined Aortic and 
Mitral Valve Replacement (1967—1975) 











Year Number Deaths Mortality 
1967 1 — 0% 
1968 19 4 21.1% 
. 1969 li — 095 
1970 21 4 19.0% 
1971 22 6 27.3% 
1972 19 4 21.1% 
1973 8 — 0% 
1974 15 3 20.0% 
1975 13 3 23.1% 
Total 129 24 18.6% 





the 69 deaths, most of which were probably due to 
complications of the operative procedure. They oc- 
curred predominantly in the first three years following 
operation, rather than later, again suggesting an opera- 
tive injury or pre-existing ventricular disease as a basic 
cause, rather than late complications of the prosthesis 
(Table 8). 

The five-year survival following mitral valve replace- 
ment was 71% and the seven-year survival, 64.5% 
(Fig. 3). The causes of the 51 late deaths (Table 9) are 
similar to those for aortic valve replacement and show 
the same frequency distribution. 

Survival curves following combined aortic and mitral 
valve replacement (Fig. 4) show a five-year survival 
of 47%. Causes of the 34 late deaths in this group 
(Table 10) are somewhat similar to those for isolated 
aortic and mitral valve replacements, though con- 
gestive heart failure predominated, 11 of the 34 deaths. 

The four-year survival for mitral valve replacement 
combined with tricuspid valve replacement or repair 
was 66% (Fig. 5). Sixty-six per cent of the late deaths 
in this group occurred in the first postoperative year 


` (Table 11). 


Emboli 
Following isolated aortic valve replacement, a total 
of 37 non-fatal embolic episodes occurred in 32 pa- 


TABLE 6. Operative Mortality Following Combined Mitral Valve 
Replacement and Tricuspid Valve Replacement 
or Repair (1967 1975) 











Year Number Deaths Mortality 
1968 2 1 50.0% 
1969 4 — 0% 
1970 16 2 12.5% 
1971 16 5 31.3% 
1972 18 3 16.7% 
1973 19 3 15.8% 
1974 21 4 19.0% 
1975 16 1 6.3% 

Total 112 19 17.0% 


RESULTS OF VALVE REPLACEMENT 





313 
TABLE 7. Operative Mortality Following Different 
Combined Procedures (1967-1975) 
Procedure Number Deaths Mortality 
AVR + Mitral Commissurotomy 28 l 3.6% 
AVR + Coronary Bypass 104 13 12.596 
MYR + Coronary Bypass 36 10 27.8% 
Miscellaneous: (AVR + MVR 
+ TVR or TA, AVR + An- 
eurysm, etc.) 134 40 29.6% 





AVR = Aortic valve replacement. 
MVR = Mitral valve replacement. 
TVR = Tricuspid valve replacement. 
TA = Tricuspid annuloplasty. 


tients over a period of eight years. Thus, five patients 
had two embolic episodes. These have not been calcu- 
lated in terms of emboli per 100 patient months. Six 
of the 37 non-fatal embolic episodes occurred in pa- 
tients receiving warfarin while 28 occurred in patients 
not receiving warfarin. In three patients, exact status of 
anticoagulation was uncertain. The status of antico- 
agulation was also not definitely ascertained in the six 
patients who died from emboli; however, some of the 
group were definitely not on anticoagulants (Table 12). 

The frequency of patients free of embolism over a 
period of five years following isolated aortic valve re- 
placement is shown in the actuarial curve in Figure 6. 
At the end of five years, 85% of patients had remained 
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Fic. 1. Post-operative survival curves, calculated by the actuarial 
method, in 1375 patients undergoing valve replacement between 
October, 1967 and January, 1975 with the Starr-Edwards cloth- 
covered steel ball. prosthesis. Both operative deaths and late cardiac 
deaths are included. 
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Fic. 2. Postoperative survival curves, calculated by the actuarial 
methid, in 470 patients undergoing isolated aortic valve replacement 
between 1967 and 1975 with the Starr-Edwards cloth-covered 
steel ball prosthesis. Operative deaths and late cardiac deaths are 
included. 


free of emboli while emboli had occurred in 15%, an 
average of three per cent per year. 

' In patients with a mitral prosthesis in place (including 
any combination of valves with a mitral prosthesis, 
i.e., mitral plus aortic or tricuspid), 60 non-fatal 
embolic episodes occurred in 52 patients, tabulated in 
Table 13. Two of these patients had three episodes and 
four patients had two episodes. Forty-three of the 60 


ISOM AND OTHERS 





Ann. Surg. e September 1977 


100 


90 


80 


70 - 


Percent Survival 





1 2 3 4 5 6 7 
Years Since Operation 


Fic. 3. Postoperative survival curves, calculated by the actuarial 
method, in 362 patients undergoing isolated mitral valve replace- 
ment between 1967 and 1975 with the Starr-Edwards cloth-covered 
steel ball prosthesis. Operative deaths and late cardiac deaths are 
included. 


non-fatal embolic episodes occurred in patients re- 
ceiving warfarin, 16 in patients not receiving warfarin, 
and in one patient, the anticoagulant status was un- 
certain. Like the aortic valves, the exact status of the 
anticoagulant program was not certain in the 10 patients 
dying from emboli. 

The frequency of embolism in patients following iso- 
lated mitral valve replacement is shown in the actuarial 


TABLE 8. Causes of 69 Late Deaths in Patients Following Aortic Valve Replacement 











Total Ist 
Congestive heart failure 19 9 
Myocardial infarction 11 5 
Renal failure 1 
Hepatic failure 3 2 
Digitalis intoxication : 1 
Arrhythmia 1 
Sudden & unexplained 14 6 
Complications of prosthesis: 
Central nervous system embolus 4 1 
Hemorrhage 2° to warfarin therapy 3 2 
Endocarditis 5 2 
Coronary embolus 1 
Periprosthetic leak 1 1 
Subvalvular stenosis 1 
Cardiac reoperation 4 2 
Total: (16.1% of 428 survivors) 69 30 








Year 
2nd 3rd 4th 5th 6th 7th 8th 
2 2 2 1 2 1 
2 2 1 1 
1 
4 1 1 
1 1 
1 1 1 
1 
1 1 
13 10 8 3 3 1 1 
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-. Total: (15.8% of 323 survivors) 
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TABLE 9. Causes of 51 Late Cardiac Deaths in Patients with Mitral Valve Replacement 








Year 





Ist 





Congestive heart failure 1 
Myocardial infarction 

Renal failure 

Hepatic failure 

Digitalis intoxication 

Arrhythmia 

Sudden & unexplained 

Pulmonary embolus 

Pneumonia 


— m ON N e e o 00 — 
-— 


Complications of prosthesis 


Central nervous system embolus 
Hemorrhage 2? warfarin therapy 
Endocarditis 

Thrombosed valve 

Cardiac reoperation 


Un 
“| NN AAD 
— 
n — mi m A 


curve in Figure 7. At the end of five years, 80% of 
the patients remained free of emboli while emboli 
had occurred in 20%, an average incidence of four per 
cent per year. Adequacy of anticoagulation in all pa- 
tients could not always be definitely ascertained due to 
varying therapeutic regimens of the primary physicians. 


Anticoagulation 


A total of 1187 patients received anticoagulants at 
some time during the post-operative period, though 
many patients (i.e., aortic valve replacements between 
1970 and 1974) received it for only three months follow- 
ing operation. A few only received warfarin during their 
hospitalization. Among these patients receiving anti- 
coagulants, some hemorrhage occurred in 124, a total 
frequency of 10.4%. However, the vast majority of 
these were of limited significance. There were 111 non- 
fatal hemorrhages, only 19 of which required hospitali- 
zation for blood transfusion while 92 non-fatal minor 
hemorrhages occurred which required little specific 
treatment except for regulation of anticoagulants. 
Thirteen fatal hemorrhages occurred, a frequency of 
1.0% (Table 14). 


Prosthetic Endocarditis 


Prosthetic endocarditis remains a significant prob- 
lem, for 68 of 1187 survivors (5.7%) developed endo- 
carditis over a period of eight years (Table 15). Forty- 
three were treated with antibiotics with 33 surviving, 
a mortality of 23.3%. Sixteen were treated surgically 
with nine survivors. In nine other patients, endocardi- 
tis was suspected and treated with antibiotics with 
recovery but the diagnosis was never proven. 


2nd 


1 


1 
I 
1 


10 


3rd 4th 6th 7th 8th 





Hemolysis 


Hemolysis was clinically significant, as manifested 
by the necessity for transfusion or iron therapy for 
afew months following operation, in 61 patients (5.1%). 
This was transient in the majority, probably represent- 
ing a period of time for the cloth to become covered 
with compacted fibrin or endothelium. Only five of the 
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Fic. 4. Postoperative survival curves, calculated by the actuarial 
method, in 129 patients undergoing combined aortic and mitral valve ` 
replacement between 1967 and 1975 with the Starr-Edwards cloth- 
covered steel ball prosthesis. Operative deaths and late cardiac 
deaths are included. 
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TABLE 10. Causes of 34 Late Cardiac Deaths in Patients with Combined Aortic and Mitral Valve Replacement 
Year 
Total Ist 2nd 3rd 4th 5th 6th 7th 8th 
Congestive heart failure 11 4 1 3 1 1 
Myocardial infarction 2 1 1 
Hepatic failure : 1 1 
Arrhythmia 1 1 
Sudden & unexplained 8 7 
Pulmonary embolus 1 1 
Complications of prosthesis 
Central nervous system embolus 2 2 
Hemorrhage 2? to warfarin therapy l 1 
Endocarditis 4 2 2 
Cardiac reoperation 3 2 
Total: (32.4% of 105 survivors) 34 20 2 2 5 1 1 





entire group of 1187 surviving patients (0.4%) required 
reoperation for persistent hemolysis. These patients 
were re-operated on less than two years following ini- 
tial operation (Table 16). 


Status of Survivors 


The degree of rehabilitation following prosthetic 
valve replacement has been frequently discussed with 
the serious economic question about the patient’s 
ability to return to a productive economic life. Hence, 
it was quite significant to find that 62.5% of patients 
had levels of activity greater than those existing be- 
fore operation while 19% remained at about the same 
level (Table 17). Only 9.5% had a decrease in activity 


TABLE 11. Causes of Late Cardiac Deaths in Patients with 
Combined Mitral Valve Replacement and Tricuspid 
Valve Replacement or Repair 


Year 


Total Ist 2nd 3rd 4th Sth 





Congestive heart failure 4 
Myocardial infarction 1 
Sudden and unexplained 8 
Pneumonia 1 


— tA U 


Complications of 
prosthesis 


Central nervous system 
embolus 1 1 

Hemorrhage 2° to war- 
farin therapy I 

Endocarditis 1 

Thrombosed valve 1 

Total: (19.4% of 93 18 

survivors) 





for cardiac reasons and 3.5% because of neurologic 
defects. 

For example, among the surviving patients, 80% had 
no dyspnea whatsoever on exertion, 86% had no edema 
and 92% had no angina (Table 18). 

Discussion 
Operative Mortality . 

One hundred and eighty-eight deaths occurred 

among 1375 patients undergoing operation (Table 1), 
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Fic. 5. Postoperative survival curves, calculated by the actuarial 
method, in 112 patients undergoing combined mitral valve replace- 
ment and tricuspid valve replacement or tricuspid annuloplasty 
between 1967 and 1975 with the Starr-Edwards cloth-covered 
steel ball valve. Operative deaths and late cardiac deaths are 
included. 
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TABLE 12. Influence of Warfarin on the Incidence of Emboli in 428 
Patients Following Aortic Valve Replacement (1967-1975) 
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TABLE 13. Influence of Warfarin on the incidence of Emboli in 
603 Patients Following Mitral Valve Replacement 








Non-Fatal Fatal Non-Fatal Fatal 
Episodes Episodes Episodes Episodes 
1. On warfarin 8 I. On warfarin 43 
2. Off warfarin 26 2. Off warfarin 16 
3. Anticoagulation uncertain 3 6 3. Anticoagulation uncertain I 10 
Total 60 10 


Total 37 6 








an overall mortality of 13.7%. The progressive decline 
from levels near 20% to less than 10% is similar to other 
large experiences reported??* and probably represents 
improvement in operative technique with better meth- 
ods of myocardial preservation and also the tendency 
to operate upon patients before far-advanced heart 
disease with severe congestive heart failure and mas- 
sive cardiac enlargement occur. Of the 188 operative 
deaths (Table 2), 113 (60%) were due to low cardiac 
output or myocardial infarction. 

Most patients were operated upon with moderate 
hypothermia (30° with intermittent cross-clamping of 
the aorta for periods of about 15 minutes during mitral 
valve replacement. This technique probably provides 
inadequate myocardial protection for patients with a 
diseased myocardium and has recently been modified 
to use deeper hypothermia (25°) combined with topical 
hypothermia. Improved techniques for avoidance of air 
embolism during unclamping of the aorta are also prob- 
ably responsible for the decline in mortality. 

During aortic valve replacement, as described 
earlier, most patients had coronary perfusion. Some 
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Fic. 6. Actuarial analysis of 428 patients surviving isolated aortic 


valve replacement who are free of thromboembolic events. 


Includes isolated MVR, MVR & TVR, or TA, MVR & AVR. 
MVR = Mitral valve replacement. 

TVR = Tricuspid valve replacement. 

TA = Tricuspid annuloplasty. 

AVR = Aortic valve replacement. 


data from recent experiences with different techniques 
are puzzling, though the significance is yet uncertain. 
For example, the overall mortality for isolated aortic 
valve replacement was 9%, while aortic valve replace- 
ment plus coronary bypass averaged 12.526. In the past 
two years, however, the mortality with the combined 
procedure of valve replacement and bypass has de- 
creased to less than 596, a figure less than that asso- 
ciated with aortic valve replacement alone. A possible 
explanation is that most patients with aortic valve 
replacement and coronary disease have been operated 
upon recently with the technique of potassium cardio- 
polegia and hypothermic ischemic arrest, with a myo- 
cardial temperature less than 20°. The aortic valve was 
replaced with a period of ischemia seldom exceeding 
60 min., after which coronary perfusion was re-estab- 
lished and cardiac contractions restored. With the 
heart beating, the bypass grafts were then attached with 
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Fic. 7. Actuarial analysis of 323 patients surviving operation with 
isolated mitral valve replacement who are free of thromboemboli. 
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TABLE 14. Frequency of Hemorrhage in Patients 
on Warfarin Therapy 





Number of Surviving Patients Non-Fatal 
Exposed to Anticoagulation Hemorrhage Fatal 
1137 19 — Major 13 (1.0%) 
92— Minor 
Total 111 (9.4%) 





the intermittent ischemia technique. The data are 
insufficient to permit conclusions yet, but the trend 
seems significant.” Several previous reports have indi- 
cated that the degree of cardiac impairment influences 
operative mortality." As mentioned earlier; 90% of 
the patients in this series were in New York Heart 
Classification IIl or IV. Using our current criteria, 
many would now be operated upon much earlier. 


Late Mortality: Aortic Valve Replacement 


As previously described, survival following valve 
replacement may be influenced by three major factors: 
the severity of the heart disease existing beforehand 
(as manifested by heart size, congestive failure, LVED 
pressure, and pulmonary hypertension); operative in- 
jury (unfortunátely not easily quantitated); and late 
complications of the prosthesis. In long-term evalua- 
tion, it is particularly important to separate the influ- 
ence of these three factors. For example, if late mor- 
tality were predominantly due to complications of the 
prosthesis, operation should be postponed as long as 
possible. On the other hand, if late mortality were most 
significantly. influenced by the stage of heart disease, 
survival would be improved predominantly by operat- 
ing at an earlier stage. The average survival of patients 
with aortic stenosis once symptoms appear without 
operative treatment is well documented. Average sur- 
vival aftér the onset of angina or syncope is about 
three years while survival is only one and one-half 
to two years after the onset of congestive failure.?! 

As shown in Figure 2, the five-year survival follow- 
ing isolated aortic valve replacement was 70% and the 
seven-year survival was 64%. In 69 late deaths that 


TABLE 15. Fréquency of Endocarditis in 1187 Surviving Patients 
Following Valve Replacement (1967-1975) 





Number 
Suspected and proven, treated medically (survived) 33 
Suspected and proven, treated medically (expired) 10 
Suspected and proven, treated surgically (survived) 10 
Suspected and proven, treated surgically (expired) 6 
Suspected, not proven, treated medically (survived) 9 
68 (5.7%) 
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TABLE 16. Frequency of Significant Hemolysis in 1187 Surviving 
Patients Following Valve Replacement (1967—1975) 








Number 
Hemolysis requiring medical treatment* 56 (4.7%) 
Hemolysis requiring valve replacement 5 (0.4%) 
Total 61 (5.1%) 





* Oral iron therapy or blood iransfusion. 


occurred following aortic valve replacement in 428 sur- 
viving patients, 63% occurred within the first two 
years (Table 8). The dominant causes were cardiac: 
sudden and unexplained (17 pts.) congestive heart 
failure (19) and myocardial infarction (11). The fact that 
the major causes of death were cardiac, combined 
with the fact that most occurred within two years 
after operation, suggests that the most likely cause of 
death was either the extent of cardiac disease existing 
beforehand or operative injury, but not a complication 
due to the prosthesis. If complications from the pros- 
thesis were causing unexplained deaths, such as from 
small coronary emboli, one would expect the frequency 
to increase in the period of three to five years after 
operation. 

Sudden, unexplained deaths have been reported by 
different groups and remain a major, unsolved problem. 
In all likelihood, these are due to operative injury with 
resulting fibrosis following operative infarction and a 
tendency to sudden, fatal arrhythmias. 


Late Mortality: Mitral Valve Replacement 


Following isolated mitral valve replacement, the five- 
year survival was 71% and the seven-year survival 
was 64%. These data are similar to those reported by - 
Barnhorst arid Starr.?* However, if the operative death. 
rate of 10% is excluded, the five-year survival becomes 
81%, and with current techniques of improved preser- 
vation of myocardium (probably accounting for a sig- 
nificant number of the deaths in the first two years after 
operation), even better results should be obtained, 
perhaps a five-year survival approaching 85%. In sup- 
port of this optimistic prediction is the fact that of the 
51 late deaths which occurred, about 50% occurred in 
the first two years; with congestive heart failure and 
myocardial infarction accounting for approximately 
40% of these, a percentage similar to that in patients 
following aortic valve replacement (Table 9). In-con- 
trast to the aortic valve replacement group, however, 
only six of the 51 late deaths after mitral valve re- 
placement were sudden or unexplained (11%) while this 
occurred in 17% of patients following aortic valve 
replacement. This may either represent a more frequent 
injury of the hypertrophied myocardium in patients 
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undergoing aortic valve replacement or a greater 
tendency of the enlarged left ventricle in patients with 
aortic valve disease to develop fatal arrhythmias (1196 
sudden deaths following mitral replacement vs. 24.6% 
following aortic replacement). 


Thromboembolism following Isolated Aortic Valve 
Replacement 


The beneficial influence of warfarin in preventing 
emboli in patients with aortic prostheses is impressive. 
Only eight non-fatal emboli occurred in patients receiv- 
ing warfarin, while 26 non-fatal emboli occurred in 
patients not receiving warfarin. These data led to the 
policy of routine anticoagulation of all patients follow- 
' ing aortic valve replacement after 1974. The policy of 
not using anticoagulants routinely between 1970 and 
1974 is probably responsible for the relatively high 
frequency of emboli, 1596 within five years, as shown 
in Figure 6. 

Bonchek and Starr reported a 13% frequency of 
emboli over a period of three years in 134 patients 
with a cloth-covered steel ball valve prosthesis who 
did not receive warfarin but, by contrast, in 116 pa- 
tients receiving warfarin, no emboli occurred at all.? 

The importance of warfarin is strikingly emphasized 
in the reports by Starr of his experiences with the 
track valve, model 2400, which has not been used at 
our institution. The report by Starr of experiences with 
29 patients receiving no anticoagulants clearly indicate 
that this valve, model 2400, is considerably more 
thrombogenic than the 2320 model.? Among 13 of 18 
patients studied by catheterization following opera- 
tion, a critical degree of stenosis had developed from 
thrombi narrowing the inflow orifice and extending onto 
the struts. Among 11 patients not undergoing recathe- 


_»~—terization, three died suddenly and two had emboli. 


Hence, anticoagulation is clearly mandatory in patients 
with this prosthesis. 

The tilting disc prosthesis (Bjork-Shiley) is also 
clearly more thrombogenic than the cloth-covered 
prostheses. Among 460 patients reported by Mesmer 
with aortic valve replacement with this prosthesis, 
the frequency of thromboembolism within 12 months 
was greater than five per cent.? Mitha recently de- 
scribed a five per cent frequency of thrombosis of the 
valve in 42 patients surviving aortic valve replacement 
with the Lillehei-Kaster disc valve.!? 


 Thromboembolism following Mitral Valve 
Replacement 


Many reports indicate that thromboembolism is a 
substantially greater hazard following mitral valve re- 
placement than following aortic replacement. Hence, 
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TABLE 17. Activity Levels in 927 Currently Surviving Patients 
Following Valve Replacement (1967-1975) 





Greater than before operation: 62.5% 
Equal to before operation: 19.1% 
Lesser due to cardiac defects: 9.5% 
Lesser due to neurological defects: 3.5% 
Lesser due to non-cardiac defects: 5.496 





anticoagulation therapy is of much greater importance. 
During an 18-month period between 1971 and 1972, 
anticoagulant therapy was not routinely used following 
mitral valve replacement with the frequency of throm- 
boembolism rising to 2296.!! All patients have been 
routinely anticoagulated since that time. Among the pa- 
tients receiving warfarin, 43 non-fatal emboli over a 
period of eight years have occurred. 

The influence of atrial fibrillation on the frequency 
of thromboembolism following mitral valve replace- 
ment has been emphasized by Bartley, finding the likeli- 
hood 14 times greater in patients who remained in 
fibrillation as compared with those who remain in 
sinus rhythm.? For this reason, for the past four 
years a policy has been followed of routinely oversew- 
ing the orifice of the left atrial appendage from within 
the left atrium at the time that the mitral valve replace- 
ment is performed, thus preventing emboli from de- 
veloping in the fibrillating appendage. The technique 
has proved simple, safe and satisfactory, and is strongly 
recommended as a routine procedure. Otherwise it is 
impossible to know whether an embolus originates 
from the prosthetic valve or from the fibrillating ap- 
pendage. Thus far our data do not permit a decision 
as to how much this policy has influenced the fre- 
quency of thromboembolism. 

Starr has reported with the cloth-covered steel ball 
a frequency of thromboembolism at the end of five 
years of less than five per cent.? Allen and Karp 
reported a somewhat higher frequency, seven per cent, 
during a three and one-half year follow-up of 132 pa- 
tients.! 

Higher frequency of thromboembolism has been re- 
ported with other prostheses. Oxman reported the 
alarming frequency of 2726 in 154 patients undergoing 
mitral valve replacement with a Smeloff-Cutter valve.”° 
Fernandes described a 9.5% frequency of emboli in 
less than two years following mitral valve replacement 


TABLE 18. Status of Symptoms in 927 Currently Surviving 
: Patients Valve Replacement 








Absent Present 
Dyspnea on exertion 80% 20% 
Orthopnea 94% 6% 
Edema 86% 14% 
Angina 92% 8% 
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with the Beall prosthesis, although all patients were 
receiving anticoagulants.® Lepley initially described a 
3.9% frequency of thromboembolism among 153 pa- 
tients following mitral replacement with the Bjork- 
Shiley disc prosthesis, but a recent report showed 
that the frequency of thrombosis had risen to six per- 
cent.‘ 

Even the porcine valve is not totally free from the 
risk of thromboembolism, for Stinson and associates 
recently described 18 emboli occurring among 243 pa- 
tients surviving mitral valve replacement with the 
Hancock porcine valve, afrequency of eight per cent in 
4.4 years. However, 76% of these occurred within 
two months following operation.”4 

The fact that the ball valve has consistently had a 
lower frequency of thromboembolism than that re- 
ported with other metallic prostheses has been one 
of the principal reasons that this prosthesis has been 
used in the majority of patients at New York Uni- 
versity, even though the hemodynamic characteristics 
of the disc valve are superior, especially in patients 
with a small aortic root or a small left ventricle. 


Hazards of Hemorrhage with Warfarin 


The hazards of bleeding with warfarin are familiar? 
and constitute one of the main problems with prosthetic 
valve replacement. Among the group of 1187 patients 
surviving operation, some hemorrhage occurred at 
some time in about nine per cent of patients, but only 
19 required hospitalization or transfusion. Only 
13 fatal cerebral hemorrhages occurred, a fre- 
quency of 1.0%. Bonchek described non-fatal hemor- 
rhage occurring in five per cent of 140 patients between 
one and 26 months after operation.? Allen and Karp 
similarly reported 6.596 non-fatal hemorrhages in 127 
patients receiving warfarin and 2.996 fatal hemorrhages 
in the same group over a period of three years.! 

For the past three years, at New York University, 
we have routinely combined aspirin therapy with war- 
farin to influence platelet deposition as well as fibrin 
formation. This has not noticeably increased the fre- 
quency of hemorrhage but a long-term evaluation is not 
yet possible, both regarding the influence of aspirin on 
hemorrhage and protection from thromboembolism. 


Endocarditis 


As suggested in previous reports, the cloth covering 
of the prosthetic valve may increase the susceptibility 
to endocarditis. This has been a significant problem at 
New York University, as 68 patients, 5.7% of 1187 
patients, developed endocarditis during the eight years 
of observation. The causes of the endocarditis could 
not be definitely ascertained in the majority of the pa- 
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tients who developed prosthetic infections. Ex- 
periences with medical and surgical therapy were de- 
scribed in previous paragraphs. For unknown reasons, 
others have not found this high frequency of endo- 
carditis as Carey? reported only two cases of endo- 
carditis in 95 patients following valve replacement with 
similar prostheses, and Karp reported no cases of endo- 
carditis among 132 patients following mitral valve re- 
placement.’ Bonchek and Starr reported a frequency 
less than five per cent among 419 patients with the 
cloth-covered steel ball valve prosthesis over a period 
of five years.? Barnhorst found only seven cases of 
endocarditis among 562 patients with different types of 
the Starr-Edwards ball valve prosthesis, although less 
than ten per cent of this group were of the cloth-covered 
variety.? 

The hazard of endocarditis seems significantly less 
with the Hancock porcine xenograft. Stinson and 
Shumway reported that among 461 patients undergoing 
operation, only two developed endocarditis.?* A recent 
report by Davila described a similar low frequency of 
endocarditis.!$ 

Data are not yet available to answer the significant 
question of whether a patient who has recovered from 
endocarditis is at greater risk for developing another 
episode of endocarditis in the future. The answer to 
this would in turn lead to the question of whether the 
prosthesis should be replaced with a porcine xenograft. 


Hemolysis and Cloth-wear 


A recurrent criticism of the Starr-Edwards cloth- 
covered steel ball valve prosthesis has been the in- 
creased frequency of hemolysis and cloth-wear. Our 
data indicate that the significance and frequency of 
this complication have been far overstated, often based 
upon opinions unsupported by data. Certainly many 
patients following replacement with a ball valve pros- 
thesis -will have a slight decrease in red cell survival 
and an elevated serum lactate dihydrogenase. How- 
ever, this is of little clinical significance. Among our 
group of 1187 patients following operation, 61 patients 
(5.1%) had hemolysis of enough significance to require 
either iron therapy or blood transfusions. This was 
almost always transitory and did not require further 
therapy beyond six to 12 months after operation. In 
only five patients in the entire group (0.4%) was re- 
operation necessary. 

Similar data have been reported by Starr, four of 250 
patients with aortic valve replacement (1.6%) required 
reoperation for hemolysis and none of 171 patients 
requiring mitral valve replacement required reopera- 
tion? Karp similarly reported no clinically significant 
hemolysis among 132 patients following mitral valve 
replacement.! 


Vol. 186 e No. 3 


Numerous reports have indicated that hemolysis is 
much less with either the disc valve or the xenograft, 


but the clinical significance of these differences, as 


opposed to the more serious question of thromboem- 
bolism is debatable. 

Similarly, the hazards of cloth-wear have been far 
overstated. In a report by Starr, significant cloth-wear 


. was found at reoperation among 10 of 116 patients? 


J Among our series of 1187 patients surviving operation, 


clinically significant cloth-wear has been very rarely 
seen, probably less than one per cent, though the pre- 
cise number cannot be stated. Among patients operated 
upon for other reasons, such as periprosthetic leak 
or infection, cloth-wear has been frequently noted on 
the inner surface of the struts to a minor degree. How- 
ever, the terminology ‘‘cloth-wear’’ is in itself mis- 
leading because unless the cloth is detached and be- 
comes a source of emboli, the simple wearing away 
of the cloth on the inner surface of the struts in essence 
produces a "track" valve or is somewhat similar to 
prosthetic valves in which no cloth whatever is placed 
on the struts, such as the 6120 and 1260 mitral and 
aortic valve models. 

If cloth-wear were a serious clinical problem, the 
frequency of thromboembolism and hemolysis over a 
period of five years should gradually increase in time 
rather than decrease. 

The durability of the ball valve prosthesis is its most 
attractive feature. A striking example among this large 
experience is the virtual absence of significant compli- 
cations from failure of the prosthesis, in striking con- 
trast to experiences reported by others with disc pros- 
theses or tissue valves. Complications such as total 
thrombosis of the valve have been virtually unknown, 
recognized in only three of 1187 patients. 

Periprosthetic leaks have been almost completely 


~»—eliminated with the routine use of mattress sutures 


-buttressed with pledgets. Several patients now have 
‘had prostheses in place for eight to ten years with a 


completely stable condition for the past five years. 
Hence, the uncertainty with tissue valves about late 
deterioration, which has occurred to a striking degree 
with aortic homografts between four and six years after 
operation, has not been seen with the ball valve. The 
leading question at present of course is the durability 
of the porcine prosthesis. Whether it will remain du- 
rable at eight years or ten years or have a course simi- 
lar to that encountered with the aortic homografts, is 
one of the leading future questions for clinical in- 
vestigation. 


Summary 


Between 1967 and 1975 at New York University, 
1375 patients underwent valve replacement with the 
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Starr-Edwards cloth-covered steel ball prosthesis with 
the operative mortality falling from 16.5% to 9.6%. 

Actuarial analysis (including operative deaths) re- 
vealed a five-year survival following aortic valve re- 
placement of 70% and five-year survival following 
mitral valve replacement of 71%. Improved survival 
in recent years in this series with decreasing operative 
mortality is probably secondary to improved tech- 
niques of myocardial protection during surgery. The 
encouraging survival rate in recent years with xenograft 
replacement series may similarly be due to this factor. 

Actuarial analysis revealed that 85% of the patients 
following isolated aortic valve replacement were free 
of emboli at five years while 80% of the patients fol- 
lowing mitral valve replacement were free of emboli. 
The higher embolic rate is probably because anticoagu- 
lants were discontinued following mitral valve replace- 
ment during an 18-month period in 1970 and 1971 and 
during a four-year period between 1970 and 1974 follow- 
ing aortic valve replacement. 

There was a 10.4% incidence of hemorrhage on 
warfarin during the eight-year period with only one per 
cent fatal bleeding episodes. The incidence of pros- 
thetic endocarditis was surprisingly high: 5.7%. Clini- 
cal hemolysis was present in 5.1% with only 0.4% 
requiring reoperation. 

Cloth-wear was not recognized as being clinically 
significant. Eighty per cent of the surviving patients 


-were free of symptoms of congestive heart failure. 


Finally, these data reveal that the Starr-Edwards cloth- 
covered steel ball valve has remained a durable 
prosthesis in spite of the complications of thrombo- 
embolism and endocarditis. 
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DISCUSSION 


DR. ALBERT STARR (Portland, Oregon): These two presentations 
demonstrate the current choice that we now have in valvular 
prosthetic substitutes. On the one hand, we have bioprostheses 
capable of acting hemodynamically in a satisfactory manner and 
with a low incidence of thromboembolism, without the need for 
long-term anticoagulants; on the other hand, the durable type of 
mechanical prostheses. 

Certainly, our current practice is to be certain that both of these 
types of approaches are available in the operating room, so that a 
prosthesis can be chosen for a patient, depending upon the pa- 
tient's requirements and his ability to take anticoagulation. 

I'd like to focus some attention on the problem of cloth wear. 
In Dr. Spencer and Dr. Isom's series of patients they noted this in 
only a small percentage of patients; but in those patients who were 
subject to reoperation for any reason, cloth tear is frequently noted. 
In our own experience, in about three out of four patients who 
have reoperation following aortic valve replacement with a cloth- 
covered valve, we see cloth tear, perhaps asymptomatic. And this 
type of mechanical derangement of the valve is something that we 
should try to avoid if we possibly can. 

And so, for this reason, from 1972 until the present, whenever 
we select a cloth-covered type of prosthesis, we prefer to use a 
valve in which cloth tear cannot occur. 

(Slide) We have been using a modification of the prosthesis that 
Dr. Spencer's group has shown, the track valve, both in the mitral 
and in the aortic position. 

(Slide) The next slide shows our results with this valve, compared 
with the other types of ball-valve prosthesis that we have been using, 
in terms of the need for removal. On the top curve is the noncloth- 
covered valve, which we still use in selective cases, which is 98% 
removal free at ten years. With the cloth-covered valve, with iso- 
lated mitral valve replacement, the need for removal, the percentage 
of patients that were removal free was 91% at the end of six years. 

With the track valve, shown here, it's superimposed upon the 
noncloth-covered valve, and so the track valve in the mitral con- 

figuration seems to provide us with a prosthesis that has the dura- 


bility of the noncloth-covered valve, in terms of a very low re- 
operation rate. 

(Slide) The next slide shows similar information with regard to the 
aortic valve, and the percentage of patients who were removal free 
in this actuarial analysis. For example, with the noncloth-covered 
valve the chance to be removal free at the end of ten years is 92%. 
However, with the cloth-covered valve you can see that by the eighth 
year the chance to be removal free is only 8596. The track valve, 
now in its fourth year of experience, follows the upper curve of the 
more durable noncloth-covered valve. 

(Slide) Now, in addition, the track valve seems to function like the 
cloth-covered valve in terms of low incidence of thromboembolism. 
Here you see in this curve the track valve following the course of 
the cloth-covered valve, with 8596 of the patients embolus free by six 
years following isolated mitral valve replacement. 

So that I believe we have to focus our attention on the 
permanent type of prosthesis that will not be susceptible to me- 
chanical derangement, if possible, and I believe that the track con- 
figuration does add this to the cloth-covered valve, and retains the 
low thromboembolic rate of that type of prosthesis. 


Dr. James RovAL MALM (New York, New York): I'd like to 
briefly review our own experience with the ball valve and with the 
xenograft at the Columbia Presbyterian Hospital, mainly to at least 
eliminate the excellent California weather as one factor in the survival 
rates. . 

(Slide) In our series of ball-valve prostheses, some 848 ball-valve 
prostheses, mainly of the Starr-Edwards type, but 200 of the Cutter- 
Braunwald type, this was the initial operative mortality, and our 
actuarial curves were quite similar to those presented. Up to the 
first 12 years this actuarial is minus the first 30 mortality, and you 
will notice at five years the survival rate is 65%, and it drops to 
almost 40% after 12 years. 

(Slide) Our experience with the Hancock xenograft is a somewhat 
smaller series, but absolutely comparable in terms of severity of dis- 
ease, with an over-all reduction in operative mortality. 

(Slide) The follow-up on this particular xenograft series was 
of interest, with follow-up now into the third year, with an embolus 
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rate of less than two per cent in both the mitral and aortic group, 
the mitrals receiving anticoagulants for a three-month period; only 
three surgical valve-related complications, and no valve failures. 

(Slide) This is the comparative actuarial curves on all the ball- 
valve prostheses, the Cutter-Braunwald prostheses and the Hancock 
prostheses, at twenty-four months. This is 80% now. A small group 
of these now extended to 36 months are in a straight line of 
survival. And while in the past we have ascribed this fall-off in the 
survival rate primarily due to patient disease, one can’t help but con- 
clude from this that many of these are in some way prosthetic- 
related late deaths. 

So that, first of all, the prosthesis, and particularly the track valve, 
is a very noisy valve, and patients do object to the click. The very 
low incidence of embolus in the xenograft, the lack of need for 
long-term anticoagulation, and the rather excellent long-term sur- 
vival make this a very desirable prosthesis. 


Dr. CHARLES R. HATCHER, Jr. (Atlanta, Georgia): I too would 
like to congratulate both groups on splendid results and excellent 
presentations, and present just a bit of our data, which I feel tends 
to support the conclusions of the Stanford group. 

In a recent two and one-half year period 250 Hancock valves were 
inserted in 315 patients at Emory University Hospital. Aortic valve 
replacement carried a four per cent operative mortality and a one per 
cent late mortality; mitral valve replacement, a nine per cent oper- 
ative and a two per cent late mortality; and multiple valve re- 
placement a six per cent operative mortality and four per cent late 
mortality. 

(Slide) The complication rate was low. Only 16 patients in 
the series were anticoagulated. Anticoagulation is reserved for mi- 
tral patients with marked left atrial enlargement, chronic atrial 
fibrillation, or known atrial thrombus. 

(Slide) Hemodynamic improvement in these patients was quite 
gratifying. 

The major disadvantage of the porcine heterograft has been the 
high gradients noted in recatheterization of some of the smaller-size 
valves in either position in certain of our patients. We therefore at 
present use a No. 29 or larger mitral valve and a No. 23 or larger 
aortic valve. If necessary, the aortic root is enlarged by carrying a 
transverse aortotomy through the noncoronary sinus and a few 
millimeters into the anterior leaflet of the mitral valve. 

In children, or in cases of extremely small aortic annulus, a 
vertical aortotomy is carried across the annulus, with the creation 
of a ventricular septal defect; a patch then being employed to close 
the VSD serves to attach a portion of the enlarged annulus to the 
prosthetic valve, or to the heterograft valve, and to close the 
aortotomy. The associated right ventriculotomy may be closed with 
or without the use of a small additional patch. 

(Slide) I think you can see the VSD created here, a triangular 
portion of the patch sutured. A prosthesis of any size can be used 
in a child or adult with a small annulus, sutured to the mid- 
portion of the patch, and then this portion is used to close the 
aortotomy. 

It would seem that the advantages of the heterograft are becoming 
more apparent as our-experience accumulates. 


Dr. DwicHT C. McGoon (Rochester, Minnesota): We all hope 
that the newer valves will be improved valves, but I would like to 
raise certain questions relative to the comparisons, with the realiza- 
tion that none of us have been able to achieve true randomization, 
or true comparability. I would like to direct my questions partic- 


ularly to Dr. Griepp, et al. with respect to comparability of patients. - 


I believe I am correct in saying that during the time that their 
experience with Starr-Edwards valves was being accumulated, they 
were also operating on patients and inserting tissue valves of another 
type; namely, homograft valves. And although they have assured us 
that the groups are comparable in terms of age and other cate- 
gorizations, I would like to know how selection was determined, 
as to whether a patient received a Starr-Edwards valve or a homo- 
graft valve during the time when the prosthetic valve experience was 
being accumulated. 
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Certainly, if the tissue valve, namely, the Hancock valve and its 
similar types, has an Achilles’ heel, it must be with respect to its 
durability. And I question whether the comments that it provides an 
improved long-term patient survival and satisfactory durability can 
be justified on the basis of an average follow-up of 1.2 years for 
the aortic valves and 1.8 years for the mitral valves. 


Dr. PHiLiP E. Over (Closing discussion): In regard to Dr. 
McGoon's questions pertaining to our previous homograft experi- 
ence, I would say that this data was accumulated largely before I 
was at Stanford, and therefore I cannot comment on these studies in 
detail. However, I can say that there was some selection of those 
patients to receive homograft valves. In other words, the homograft 
patients did tend to be younger patients who were felt to have a 
longer survival outlook, and therefore it was felt at the time that the 
homograft valve would be better for them. As reported earlier, how- 
ever, preoperative hemodynamic parameters for these patients were 
quite similar to those of patients receiving Starr-Edwards valves in 
this earlier series. The present series of xenograft patients on whom 
we are reporting today, however, were not selected in any way. 
Virtually all patients undergoing valve replacement at Stanford now 
receive xenograft prostheses. Although the various series of patients 
with which this report is concerned are, in fact, consecutive, and 
therefore subject to the limitations of any consecutive studies, the 
patients were quite closely matched as determined by numerous pre- 
operative factors which are outlined in more detail in the manuscript. 
It is true that coronary bypass grafting was performed more fre- 
quently in conjunction with valve replacement over the last two or 
three years as compared to earlier years when our valve experience 
was accumulated. In spite of the shortcomings of comparing con- 
secutive series of patients, I believe this sort of data from a single 
institution is still frequently more instructive than that generated 
from comparison of interinstitutional data, since patient-associated 
variables, major differences in operative technique, etc. may enter 
in and are much more difficult to control and evaluate. Dr. McGoon’s 
further point concerning durability of the xenograft valve is well 
taken. It is true that the average follow-up in our series of xeno- 
graft patients was only approximately one and one-half years. The 
average follow-up figure, however, is somewhat deceptive since the 
calculation of the average follow-up includes patients who only very 
recently received their valve. Accordingly since new xenograft 
patients are continually being entered into the series, the average 
duration of follow-up is not built up very rapidly. Of more im- 
portance, I think, is the maximum follow-up duration which as I 
pointed out earlier is now five and one-half years for the mitral 
xenograft. Although there are admittedly relatively few patients fol- 
lowed this long postoperatively, the fact that we have seen only 
three primary tissue failures in this entire series, and only one of 
these was actually a tissue disruption is, I think, extremely encour- 
aging in regard to the long-term durability of this valve. 

In regard to Dr. Hatcher's comments concerning gradients associ- 
ated with the xenograft valve, I would point out that this has been 
more of a problem in the aortic area than in the mitral area. There 
is now available a modified orifice valve for placement in the aortic 
position. In vitro studies have indicated that gradients across the 
valve are significantly reduced. 


Dr. O. WavNE Isom (Closing discussion): We haven't used the 

track valve at our institution for two reasons: 1) because of the 
reported noise problem, and 2) because of Dr. Starr's report of the 
increased thrombogenicity of the valve off anticoagulants. 
. With regards to Dr. Malm's and Dr. Hatcher's comments, I would 
just say that I think Dr. McGoon made my point, in that both these 
series started in 1974. We are certainly encouraged by the data gen- 
erated since 1971 from Stanford, and we look at that with expectant 
eyes. However, if you took our patients and just started following 
them since 1971 and 1972, our survival curves would be very similar 
to that obtained by the California group. Our emboli would be very 
similar. I would also point out that a lot of things have changed in 
the past four or five years, and some of the improvements that 
we see in survival and in complications may be due to improved 
techniques. 
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` We have presented our experience with 19 black patients who 
had familial polyposis coli, seven of whom had associated can- 
cer. Four of the seven had multiple cancers. Seventeen of the 
19 patients were female but most of the patients at risk in our 
series were female. Sixteen of the 19 had extracolonic mani- 
festations which have been described as part of Gardner's 
syndrome. Although our series was quite small, larger series 
do not report as high an incidence of extracolonic manifesta- 
tions. Follow-up was too short to make any statements con- 
cerning the development of cancer in the retained rectal stump. 


IX BLACK FAMILIES with familial polyposis coli 
(FPC) have been identified on the Howard Univer- 
sity Surgical Service. Four of the six presented in the 


last two years. In studying our patients, two striking. 


findings were noted: 1) high incidence in females and 
2) high incidence of extracolonic manifestations. The 
purpose of this paper is to evaluate our experience 
with familial polyposis coli (FPC) and to compare it 
with larger recorded experiences. 


. Clinical Data 


There were six families in our series. Of the 37 
patients examined, seven were found to have polyposis 
with cancer, 12 had multiple polyposis without cancer 
and 18 were free of disease at the time of examination. 
Thus, 19 patients had FPC with or without associated 
carcinoma. It is recognized that polyps may appear 
in the latter decades of life. All six propositi (pro- 
positus-first family member presenting because of symp- 
toms of FPC) had cancer and the son of one propositus 
also had cancer making a total of seven patients with 
colorectal adenocarcinoma (Table 1). Four of the seven 
patients had multiple cancers—three had 2 cancers and 
one had 3 cancers (Table 2). 

The six propositi presented with one or more of the 
following symptoms: .a) rectal bleeding and/or symp- 
toms of anemia (weakness and lassitude)— six patients 
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TABLE 1. Sex and Age at Diagnosis of Patients 
with Cancer and FPC ~ 








Sex . Age 
Male 18 
Female 19 
Female 22 
Female 27 
Female 27 
Female 30 
Female 35 





(100%); b) abdominal pain—five patients (83%); c) 
weight loss and diarrhea— four patients (66%). About 
4096 of call up patients (family members of propositi) 
had similar symptoms. 

Although the disease is non-sex linked, the over- 
whelming majority of our patients is female (17 of 19) - 
and, interestingly enough, the immediate carrier in the 
17 female patients was the female progenitor. Study 
of the number of males and females in each of the six 
families revealed a preponderance of females and there- 
fore it is expected that the incidence of females with 
FPC would be higher than in males. Thus no statistical 
significance can be placed on the high incidence of FPC 
in females in our series. For example, in our largest . 
family, eight of 10 siblings were female. Seven of the 
eight females had FPC while no positive findings have 
been noted thus far in the two males. = 2 

Extracolonic manifestations were common. Sixteen - 
of the 19 patients in our series manifested features asso- 
ciated with Gardner's syndrome, osteomas of the 
mandible, exostoses, dental anomalies, sebaceous : 


TABLE 2. Location of Multiple Cancers in Four Patients 








#1 Rectosigmoid and transverse colon 

#2 Rectosigmoid, ascending and descending colon 
#3 Sigmoid and descending colon 

#4 Rectosigmoid and descending colon 
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cysts, lipomas, leiomyomas desmoids or mesenteric 
fibromatosis. Fifteen patients had two or more stig- 
mata and 11 of the 15 had three or more types of sec- 
ondary manifestations. A profile of the presenting fea- 
tures is as follows: Soft tissue tumors—ten patients: 
hard tissue tumors—11; dental anomalies— 11; and 
desmoid tumor— one patient. In order to demonstrate 
more fully the mode of inheritance of FPC, a genetic 
profile of one of our families is presented (Fig. 1). The 
legend also explains secondary findings in these pa- 
tients, i.e., Gardner’s syndrome. Three female patients 
in this family with FPC also had cholelithiasis. There 
was no evidence of hemolytic anemia or altered bile salt 
metabolism in these three patients. 

The average age of the six propositi was 26 years— 
while the average age of patients at risk who were found 
to have FPC was 21 years. All patients with FPC had 
sigmoidoscopy with biopsy and barium colon enema 
with air contrast (Fig. 2). After a positive diagnosis of 
FPC had been made, patients were placed on a bowel 
prep and total colectomy with ileorectal anastomosis 
was performed. Surgery was deferred in three asympto- 


TABLE 3. Number of Polyps Found in 14 Patients with FPC 





Number of Polyps 





Less than — 100 to 300 — 300 to 500 — 500 to 1000 


100 
1 2 


Over 1000 


6 4 1 
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Fic. 2. Barium enema with air contrast reveals numerous radiolucent 
defects representing multiple polyps of the colon. 
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Fics. 3a (top) and b. Barium enema with AP and lateral views re- 
veals a filling defect in the rectosigmoid of this patient. 
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Fic. 4. Gross specimen of lesion noted in Figure 3 reveals an annular 
ulcerative lesion of the rectosigmoid. Polyps are seen distal and 
proximal to the carcinoma. 


matic, call-up patients since we prefer to wait until the 
latter part of the second decade of life to perform defini- 
tive surgery. Fourteen patients received total colec- 
tomy with ileorectal anastomosis. Nine of these had 
FPC but no cancer and all are alive and well. There 
were seven patients with cancer—five of whom re- 
ceived definitive surgical therapy. Of these five, three 
are alive and well: one is alive with local recurrence 
one year after surgery and another died of metastatic 
adenocarcinoma to the liver. She also had a malignant 
lymphoma of the mediastium— diffuse, poorly differen- 
tiated lymphoblastic lymphoma. The two patients who 
were treated by less than total colectomy died of liver 
metastases. 

Table 3 reveals the number of polyps in our patients. 
The polyps varied in size from 2-3 mm to 5 cm but the 
majority measured under 1.0 cm. All patients except 
one had more than 100 polyps. This 27-year-old female 
patient had 83 polyps and a Dukes B adenocarcinoma 
of the rectosigmoid Figs. 3a and b and 4. She is alive 
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Fic. 5. Gross specimen re- 
veals multiple polyps in the 
colon of a 22-year-old 
female. The large polyp 
proved to be malignant. 


with evidence of local recurrence one year after 
surgery. 


Discussion 


The disease was first described by Menzel in 1721 
and probably represented inflammatory polyposis. 


Fic. 6. Papillary adenocar- 
cinoma arising in a villous 
adenoma (same case shown 
in Figure 5). Note the neo- 
plastic gland with frond- 
like papillae (right side) 
(H&E, x 125). 





Cripps in 1882 was the first to report on the hereditary 
nature of the disease but it was Lockhart-Mummery in 
1925 who clearly established the hereditary nature of 
the disease and pointed out its malignant potential. 
Three families were investigated by Lockhart-Mummery 
at St. Mark’s Hospital, London and these together with 
10 families from the literature, were reviewed by Dukes 
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in 1930. The three families formed the nucleus of the 
St. Mark’s Hospital Polyposis Register which now con- 
tains records of 294 families and over 600 patients with 
gastrointestinal polyposis, 200 of which are of the ade- 
nomatous type. It is probably the largest collection of 
polyposis cases existing and is still being added to at 
the rate of a new family every month. Even in polyposis 
coli the adenomas rarely appeared before 14 years. 
There have been sporadic references to FPC occurring 
in American blacks, usually case reports.?* 

Familial polyposis coli is an inherited autosomal 
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Fics. 7a and b. (Top) 
Polyp of the appendix from 
a case of familial polyposis. 
Note prominent lymphoid 
nodules at the base of the 
polyp. A portion of sub- 
mucosa, replaced by adi- 
pose tissue is shown in 
the right lower corner 
(H&E x50). (Bottom) 
Higher magnification of the 
polyp in Figure 1. Glandu- 
lar crypts vary in size and 
shape. They are covered by 
stratified columnar cells 
exhibiting a reduction in 
mucin secretion (H&E, 
x 125). 


dominant disorder characterized by the appearance 
early in life of large numbers of adenomatous polyps 
of the colon and rectum and is present in about one half 
of the children of the affected parent. If left untreated, 
practically all patients, by the time they are between 
40 and 50 years of age, will have developed carcinoma 
of the colorectum. Males and females are equally 
affected and either may transmit the disease. Children 
of polyposis families who themselves do not have 
polyps do not transmit the disease in the colon because 
only those with polyps are carriers. Symptoms usually 


1 
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Fic. 8. Photograph of the 
forehead reveals an eleva- 
tion which represents an 
osteoma of the frontal bone. 


begin in the third or fourth decade, although polyposis 
occurs earlier. Cancer usually develops ten to 15 years 
such earlier and the incidence of multiple cancer is 
12 times greater than in non-polyposis patients. 
Because of the family studies of asymptomatic rela- 
tives with polyposis at earlier stages the workers in the 
St. Marks Register were able to chart the natural his- 
tory of familial polyposis coli and Gardner's syndrome 
if untreated. The colonic polyps appear at an average 
age of 24.5 years, with a wide age range from four years 
to 72 years. The disease rarely manifests itself before 
the age of 14 years and it is at this time that periodic 
sigmoidoscopic examinations are started. The average 
age at the onset of symptoms is 33 years, and the diag- 


Fic. 9. X-ray of the mandi- 
ble reveals areas of enosto- 
sis (sclerotic bone) in the 
region of the right first 
molar and the left bicus- 
pids. 


FAMILIAL POLYPOSIS COLI 





nosis of polyposis is made at an average age of 36 years. 
The average age of the six propositi in our series was 
26 years. On the average, then, polyposis has been 
present for 12 years before the diagnosis is established. 
The average age at the time of the diagnosis of cancer is 
39 years (in our series, 25 years) and death from cancer 
Occurs at an average age of 42 years. This sequence 
can be altered by early diagnosis and prompt surgical 
therapy.?? 

The comparisons that have been made above be- 
tween cancer in polyposis patients show few differ- 
ences. These include an increase in the number of cases 
of multiple cancer (4 of 7 in our series), an earlier onset 
of cancer, and an earlier age of death in polyposis can- 
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Fic. 10. Upper GI series with small bowel study reveals upward 
displacement of the body and antrum of the stomach with medial and 
downward displacement of the small intestine by a large intra- 
abdominal desmoid. 


cer patients. The main difference is that there are fewer 
high grade carcinomas in polyposis patients. Among 
those under the age of 30 years the proportion of high 
grade cancers is only about 12%, as compared with 
a corresponding figure of 53.4% in non-polyposis cases 
(Figs. 5 and 6). In all other respects malignant disease 
of the large intestine supervening on familial polypo- 
sis coli is indistinguishable from that derived from other 
sources. The colonic polyps, usually not present at 
birth, start appearing about the age of puberty until, 
about age 20, the entire colon and rectum are covered 
by hundreds to thousands of polyps of varying size. 
The appendix may also be involved with adenomatous 
polyps (Figs. 7a and b). Polypoid lesions in the ileum are 
almost invariably lymphoid polyps. 

Bussey and Morson state that for practical purposes, 
FPC may be defined as a condition where 100 or more 
adenomas are present in the colorectum. It is significant 
that in the St. Mark’s series no case of true adenoma- 
tous polyposis has been found in any relative of a 
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patient with less than 100 polyps. The small intestine 
is not involved; the distal portions of the colon and 
rectum are involved initially. The polyps are mostly 
sessile in younger patients, becoming pedunculated 
later. The usual symptoms are abdominal pain, rectal 
bleeding with mucus, diarrhea, weight loss and anemia. 
The diagnosis is made by sigmoidoscopy and barium 
enema with air contrast. Colonic polyps are almost 
never seen by barium enema when they are not readily 
visible by proctoscopy. Suspicious lesions noted at 
sigmoidoscopy should be biopsied.?*? 

The treatment is surgical. Total colectomy with ileo- 
proctostomy and fulguration of remaining polyps in the 
rectal segment is preferred. The criteria for utilization 
of this procedure are as follows: 1) cancer of the rectum 
must not be present; 2) there must not be so many 
polyps in the terminal rectum that all cannot be fulgu- 
rated; 3) the patient must be reliable and amenable to 
follow-up and fulguration of new polyps; and 4) the 
retained rectal segment must be short enough (15 cm or 
less) to permit ready examination by sigmoidoscopy. 
If these criteria cannot be met, total colectomy with 
abdominoperineal resection and permanent ileostomy 
is done. It has been suggested that an unknown ileal 
factor inhibits growth of polyps in the remaining rectal 
segment. Periodic proctoscopic examinations (every 
three months) are mandatory, to ensure inspection and 
fulguration of any new lesions in the rectal stump. To 
prevent the development of cancer in these patients, 
the operation should be undertaken in the latter half of 
the second decade or shortly thereafter. Investigation 
of all members of the family for this disorder is manda- 
tory.^23 

In 1951 Gardner reported a family in which seven 
members suffered from a combination of lesions con- 
sisting of: a) adenomatosis of the large intestine; b) 
multiple osteomata of the skull and mandible; c) multi- 
ple epidermoid cysts and soft tissue tumors of the skin.* 
Abnormal dentition had been noted. This included im- 
pacted supernumerary and permanent teeth, usually 
early cavities and loss of teeth (most affected mem- 
bers of the family over 20 years of age had dentures), 
dentigerous cysts, and abnormal bone structure of the 
mandible. Desmoid tumors, both of the abdominal wall 
secondary to operation scars and intra-abdominally in 
the mesentery of the small intestine had also been ob- 
served. The number of family members manifesting the 
classic triad of this syndrome usually is not large. Of 
the more than 200 families in the St. Mark's Hospital 
Polyposis Register, 50 had but one member with extra- 
intestinal features of Gardner's syndrome, whereas in 
20 families there were two to nine such members .? This 
diagnosis is arrived at by very careful examination of 
the family members. Sixteen of nineteen members of J 
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Fics. lla and b. (Top) 
Case of Gardners syn- 
drome. Note the desmoid- 
like fibrous lesion replacing 
the outer longitudinal layer 
of the muscular wall. Small 
bowel mucosa is visible on 
the left (H&E, x50). (Bot- 
tom) High power view of 
tumor shown in Figure 5. It 
appears to be an intermedi- 
ate lesion between a fibrous 
histiocytoma and fibroma- 
tosis (H&E, x125). 


our series had at least one extra colonic manifestation 
indicative of Gardner's syndrome (Figs. 8 and 9). 
The osteomas, epidermal cysts, and subcutaneous 
fibromas of Gardner's syndrome have little clinical 
significance other than their possible value as pointers 
to polyposis. Desmoid tumors, on the other hand, may 
be of concern to the clinician and a danger to the patient. 
The tumors usually arise between one and three years 
after surgery for polyposis, either in the abdominal 
wall or intra-abdominally, mostly in the mesentery of 
the small intestine. Not infrequently the tumors are 
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multiple, and removal may be followed by further des- 
moid formation. Laparotomy reveals their true nature, 
but even so the intra-abdominal desmoids are fre- 
quently inoperable due to extensive involvement of 
the root of the mesentery. Left in situ, they do not grow 
indefinitely but appear to reach an optimum size and 
then remain static. The main threat to the patient's 
well-being is that of mechanical obstruction of the in- 
testine or urinary tract. In a few reports, no definite 
tumor was present, but a condition that is described 
as "diffuse fibrous infiltration" of the mesentery. It has 
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also been observed that intestinal obstruction due to 
dense fibrous bands appear to be more common follow- 
ing polyposis operations than after surgery for other 
intestinal disease. One patient in our series, a 33-year- 
old female who had left hemicolectomy for multiple 
polyps and carcinoma of the descending colon three 
years previously, was admitted with a large intra- 
abdominal mass which involved the mesentery of the 
proximal small intestine. Upper GI series revealed 
displacement of the stomach and jejunum by the intra- 
abdominal mass (Fig. 10). The large mass, measuring 
20 x 20 x 7 cm and weighing almost 1200 g, was re- 
sected with 40 cm of adjacent jejunum. Histological 
examination of the tumor revealed a desmoid (Figs. 
lla and b). Exploration also revealed liver metastases 
from the previously resected colon carcinoma. She died 
nine months later of hepatic metastases. 

Clinicians are sometimes puzzled by the patient with 
polyposis coli who has a negative history, often re- 
ferred to as "nonfamilial polyposis’’. These are nearly 
always due to a new mutation. Since families die out, 
mutations must replace the deficit or the disease would 
gradually disappear. These "nonfamilial"" patients are 
just as liable to pass on the condition to their children 
as are those with a strong family history. However, the 
lesion which is being increasingly reported and may 
well have significance in relation to Gardner's syn- 
drome is that of carcinoma of the peri-ampullary region, 
duodenum, ampulla of Vater, and pancreas.** None 
of our patients had such tumors. 

The question of which surgical procedure yields the 
most favorable results remains controversial. We favor, 
as does the group at St. Mark's, total colectomy with 
ileorectal anastomosis, with regular follow-up exami- 
nations and periodic removal of any polyps that ap- 
pear in the rectum. In the St. Mark's group, carcinoma 
had developed in the remaining rectum in three to four 
per cent of the patients thus treated but could be de- 
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tected at an early stage and managed effectively. How- 
ever, other groups have reported less success with this 
approach and have recommended total removal of the 
colon and rectum with an ileostomy. Moertel et al. 
reported that the occurrence rate for rectal carcinoma 
increased from 5% in patients followed for 5 years to 
59% in those followed for 23 years, despite frequent 
proctosigmoidoscopic surveillance. The tendency to 
rectal carcinoma was enhanced in the female patient, 
the patient with carcinoma in the resected colon, and 
the patient with more than 20 rectal polyps at initial 
diagnosis. They concluded that colectomy with ileo- 
proctostomy is inadequate treatment for multiple pol- 
yposis of the large bowel diffusely involving both colon 
and rectum. Our follow-up period has been short. 
Three of the seven patients in our series with cancer 
remain free of disease two, six and seven years follow- 
ing definitive surgery. 
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Dr. JEROME J. DeCosse (Milwaukee, Wisconsin): We thank Dr. 
Leffall and his colleagues for enlarging our perspective about familial 
polyposis, and challenging some of the traditional concepts about 
this very important disease; important because no other benign tumor 
or inherited trait so accurately foretells the development of cancer. 
Familial polyposis should be of great value to teach us about genetic 
and environmental causes of colorectal cancer. 

It has been generally thought that familial polyposis is dis- 
tinctive from Gardner' s syndrome, with fewer polyps and the pres- 
ence of a variety of epithelial and mesenchymal defects in the latter. 
Dr. Leffall's data suggest that these distinctions are too arbitrary, 
and that Gardners syndrome is probably the more complete 
phenotypic expression of familial polyposis. 

It has also been generally stated that polyps never develop 
before adolescence. However, several recent published papers 
have described adenomatous polyps and even cancer appearing 
before age ten, and our clinical experience verifies these ob- 


servations. Accordingly, children of an affected parent should be 
closely scrutinized for lower gastrointestinal symptoms. 

It is almost a cliche in our literature that patients with 
polyposis always die of cancer by age 40. Yet the St. Marks Hos- 
pital group has noted that ten per cent of those who develop 
polyposis will do so after age 45; and we have several patients 
in whom polyps were first noted in middle age. 

Finally, it is widely held that spontaneous regression of residual 
rectal polyps, a subject of several presentations before this 
Association, is a rare phenomenon; yet perusal of the literature and 
our own personal experience suggest that spontaneous regression 
occurs in at least 20% of patients who have a colectomy and 
ileorectal anastomosis. The frequency of spontaneous regression is 
sufficiently high to be another argument for preservation of the 
rectum. 

If I add correctly, Dr. Leffall, there are ten patients in your 
group with an ileorectal anastomosis who are being followed, and 
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who have not died of cancer. What is the status of their remaining 
rectal polyps? 


Dr. WILEY F. BARKER (Los Angeles, California): I have en- 
tertained the following curious question, but never had sufficient 
data to assess it: Does the presence of the extreme ileal lymphoid 
hyperplasia in any way relate to the equally strange ability of the 
rectum under some circumstances to accomplish regression of the 
polyps that are left behind when an ileorectal anastomosis is 
performed? 


DR. FRANcIS C. NANCE (New Orleans, Louisiana): We too have 
had an interest in this disease, particularly in the extracolonic 
manifestations, and recently reported three of our own cases and re- 
viewed 16 other cases of periampullary carcinoma associated with 
this disease. 

I think that these patients should not only have surveillance of 
their rectums, if their rectums are left in, but surveillance of the 
entire gastrointestinal tract, because they also develop gastric polyps 
and duodenal polyps, and particularly periampullary disease. 


Dr. LASALLE D. LEFFALL, JR. (Closing discussion): First, to Dr. 
DeCosse, there was a question in our minds what we should do about 
the polyps that remained in the rectal segment when we had our 
first family, the Harrigan family; and we decided that what we would 
do, rather than watch and see if the polyps regressed because of 
the role, perhaps, of the ileal contents constantly bathing the rectal 
segment—that through the open rectum we would fulgurate any 
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polyps that we saw, and that's the course of action that we took. 
We fulgurated every rectal polyp that we saw. 

And in these ten patients, only one patient, at about, now, 16 
months, has had recurrence of polyps in the retained rectum. 
Obviously, this is a very short follow-up, and we emphasize that it 
is a short follow-up, but that was the course of action that we have 
taken. 

In our laboratories we are doing some work on cell-mediated 
immunity in colorectal cancer, and since we had this rash of 
families that had familial polyposis coli, we were also doing studies 
there. So in response to Dr. Barker's question about the role of 
lymphoid hyperplasia, and whether there is something that may be 
playing a role to cause regression of the polyps that remain in 
the rectal segment, we are doing cell-mediated immunity studies to 
see if that does play a role. 

I would like to thank Dr. Nance for his comments; in our manu- 
script we do pay attention to the fact that several reports have 
appeared in the literature concerning the development of cancer in 
the periampullary area, primary cancer of the duodenum, the distal 
common bile duct, and the ampulla of Vater. And we too plan to 
check our patients very carefully to see if cancers do occur in our 
patients in any of these areas. 

It has been noted in Gardner's syndrome. And although I hesi- 
tated to use that term, it was used by Dr. DeCosse and by Dr. Nance. 
But we know that many people think that perhaps familial 
polyposis coli and Gardner's syndrome are just one disease, and we 
should stop separating them and, therefore, in all of these patients 
we should look for the development of cancer in the periampullary 
area. 


Improved Results with Carotid Endarterectomy 


JOHN E. CONNOLLY, M.D., JACK H. M. KWAAN, M.D., EDWARD A. STEMMER, M.D. 


Two hundred ninety patients undergoing carotid endarterec- 
tomy were reviewed. From 1968 to 1972, 188 patients had 
carotid endarterectomy under general anesthesia with use of a 
shunt and hypercarbia. Stump pressures were not recorded in 
this group. There were three deaths, three postoperative 
hemiplegias and two complications of transient limb weakness. 
From 1973 to 1975, 102 patients were operated on under local 
anesthesia with systemic Innovar and Sublimaze, normocarbia 
and intra-operative assessment of stump pressure. In this group 
there was one death, no hemiplegia, and no complications of 
transient limb weakness. Twenty of the 102 were shunted either 
on the basis of stump pressure or the loss of motor ability or 
consciousness on carotid clamping. Those shunted had stump 
pressures ranging from 10 to 70 mm Hg with a mean of 20 while 
those not shunted had stump pressures ranging from 20 to 85 
mm Hg with a mean of 53 mm Hg. Five patients lapsed into 
unconsciousness despite internal carotid stump pressures of 30, 
30, 34, 36 and 70 mm Hg respectively, thus requiring 
intraoperative shunting. This experience seriously questions 
the reliability of carotid stump pressure as the sole determinant 
to identify those patients who require intraoperative shunting. 
We have come full circle, back to operation under local 
anesthesia, since intraoperative assessment of the patient’s 
motor ability and consciousness alone provide the only absolute 
criteria for assessing the need for intraoperative shunting. 
Since the operation can be performed with greater technical 
efficiency without a shunt and without the potential 
complications of shunting itself, it behooves the surgeon to have 
a reliable method of knowing when it is not required. 


HE PAST 20 YEARS has seen the emergence of carotid 
T endarterectomy as an increasingly accepted 
operation for the cure of transient cerebral ischemic 
attacks and hopefully the avoidance of permanent brain 
damage or stroke. As with so many surgical advances, 
the time from its conception to its practical applica- 
tion seems to have spanned an unnecessarily long 
period. As early as 1914 Hunt" wrote "The object of 
the present study is to emphasize the importance of 
obstructive lesions of the main arteries of the neck in 
the causation of softening of the brain and more es- 
pecially to urge the routine examination of these vessels 
in all cases presenting cerebral symptoms of vascular 
origin. In other words, the writer would advocate the 
same attitude of mind towards this group of cases as 
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towards intermittent claudication, gangrene, and other 
vascular symptoms of the extremities and never omit a 
detailed examination of the main arterial stem." 

The first successful surgical attempt to reverse 
transient cerebral ischemia appears to have been per- 
formed by Loucks and associates operating at the 
Peking Union Medical College in Peking, China on 
February 12, 1936.7 The patient was a 47-year-old 
Russian male suffering from intermittent attacks of 
right hemiplegia and aphasia. At exploration of the left 
neck, 10 cc of thorium dioxide was injected in the com- 
mon carotid artery proximal to its bifurcation. A roent- 
genogram showed that none of the contrast media 
entered the internal carotid artery. Accordingly a small 
segment of the internal carotid artery was excised be- 
tween ligatures. The arterial lumen was filled with 
grayish material which proved to be organized throm- 
bus. The patient was said to have been dramatically 
improved by the operation. While the procedure was 
called an arterectomy after Leriche and was designed 
to cure what was thought to be spasm of the internal 
carotid artery, its apparent effectiveness may well have 
been to remove a source of cerebral emboli. 

Fisher in 1951!! emphasized the relationship be- 
tween disease of the carotid artery in the neck and 
cerebrovascular insufficiency. He defined the basic na- 
ture of the lesion as atherosclerotic, noted again the 
occurrence of partial and complete occlusion, and de- 
scribed several syndromes associated with such oc- 
cusive disease. He observed that in the presence of 
severe stenosis at the common carotid artery bifurca- 
tion, the distal vessels may be entirely free of disease. 

The first successful reconstruction of a stenotic in- 
ternal carotid artery was accomplished by Carrea, 
Molins, and Murphy? in 1951 in Buenos Aires by 
anastomosing the external carotid artery side to side to 
the internal carotid distal to the stenotic lesion. Their 
operation, however, was not reported until 1955. 
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Strully and associates?* in New York on January 23, 
1953 correctly diagnosed a patient with thrombosis of 
the left internal carotid artery and while their attempts 
to remove the clot were unsuccessful, they demon- 
strated that direct thromboenterectomy of the carotid 
bifurcation might be feasible. They stated that an 
arterial bypass or thromboendarterectomy should be 
successful if the occlusion is localized and that early 
diagnosis and removal by thromboendarterectomy 
could result in reducing cerebral damage and prevent 
further insult caused by vascular insufficiency. Later 
on August 7, 1953 DeBakey successfully performed a 
carotid thromboendarterectomy but did not report it 
until 22 years later.? 

On May 19, 1954 Eastcott, Pickering and Rob? re- 
ported a case that gave the greatest impetus to the 
development of carotid surgery and for some time later 
it was thought to be the first case. Their patient was a 
66-year-old female who had transient attacks of left 
amaurosis fugax, aphasia, and contralateral paralysis 
of the right arm and leg. A direct puncture arterio- 
gram showed what was thought to be an atheromatous 
obstruction of the origin of the external carotid artery. 
Operation was carried out under hypothermia of 28°. 
The external carotid artery was ligated and the ob- 
structed bifurcation was excised and reconstruction 
was performed by anastomosising the common carotid 
directly to the internal carotid artery. Occlusion time 
was 38 minutes and no anticoagulants were employed. 

Since these pioneering developments the place of 
surgery in the treatment of stenotic, occlusive, and 
ulcerated extracranial carotid vessels has become in- 
creasingly recognized as a means of preventing cerebral 
infarction in many patients.* The indications for such 
surgery have become better defined as have the tech- 
niques of operation with the result that morbidity and 
mortality rates are continually decreasing. However, 
since any morbidity or mortality while ever so low can 
be devastating, it behooves us to continually seek 
safer techniques for operation. 


Patients and Methods 


We have selected two specific groups of patients 
operated upon on our teaching vascular service over a 
seven year period to illustrate our changing concepts 
inthe operative management of carotid endarterectomy 
which constitutes the primary extracranial surgical 
procedure for cerebral ischemia. 

The review is comprised of 290 carotid endarterec- 
tomies. No private patients are included and the 
operations were performed almost entirely by our resi- 
dent staff under supervision of the authors. Patient 
age ranged from 47 to 83 with a mean of 59; 4296 were 
left-sided lesions and 58% right-sided lesions. 
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From 1968 to 1972 188 carotid endarterectomies were 
performed under general anesthesia with the use of an 
internal shunt, 5000 units of heparin, and arterial pres- 
sure and gas monitoring with induced hypercarbia. 
Stump pressures were not recorded in this group. There 
were three deaths, three post-operative hemiplegias, 
and two complications of transient limb weakness. 

From 1973 to 1975 102 carotid endarterectomies were 
performed under local anesthesia consisting of pre- 
medication with Innovar and local infiltration with 1% 
xylocaine. Arterial pressure and blood gases were 
monitored by an intraarterial catheter in the wrist. 
Normocarbia was maintained and 5000 units of Heparin 
was given intravenously before crossclamping the caro- 
tid vessels. Stump pressures were recorded in this 
group and an anesthetist was present throughout the 
procedure to administer oxygen by mask and Sub- 
limaze as necessary for restlessness. In this second 
group there was one death, no hemiplegia, and no 
complications of transient limb weakness. Twenty of 
the 102 patients were shunted with a conventional 
Javid shunt! either on the basis of stump pressure 
below 25 mm Hg or the loss of motor ability or consci- 
ousness on five minutes of trial clamping of the internal 
carotid artery. Those shunted had stump pressures 
ranging from ten to 70 mm Hg with a mean of 20 mm 
Hg while those not shunted had stump pressures rang- 
ing from 25 to 85 mm Hg with a mean of 53 mm Hg. 
Five patients lapsed into unconsciousness despite 
internal carotid stump pressures of 30, 30, 34, 36, and 
70 mm Hg respectively, thus requiring intraoperative 
shunting. 


Discussion 


The risk of cerebral ischemia which must accompany 
crossclamping of the carotid vessels during the per- 
formance of endarterectomy appears to effect ten to 
20% of patients depending on the extent of involve- 
ment of other vessels with the arteriosclerotic process 
and on variations in the collateral circulation.! Some 
authors feel that rather than try to identify this small 
but significant per cent of patients, all patients should 
be cerebrally protected by the use of an indwelling 
shunt.!526 

Most authors?7:2:32973 including ourselves, how- 
ever, feel that the technique of shunting itself has its 
own complications and therefore it behooves us to seek 
techniques to identify those patients who do not need 
shunting. The problems associated with the shunt itself 
include clotting within the shunt,” embolization of 
clots from within the shunt??? air introduced through 
the shunt,” dissection of a distal internal carotid artery 
intimal flap or dislodgement of atherosclerotic material 
by insertion of the shunt,???5 the need for a higher or 
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more proximal incision in the internal carotid artery 
to place the shunt above the diseased core, and finally 
the lack of an operative field unobstructed by the 
shunt.? The studies of Sundt and associates” are par- 
ticularly of interest in regard to thrombus formation 
within the shunt itself. Between 1970 and 1975 they per- 
formed 515 endarterectomies, 183 of which were 
shunted with a silicone elastomer tube. All of their 
patients received 50 to 100 mg of heparin before carotid 
artery clamping and shunt insertion. Examination of 
the shunts at the end of the procedure during the years 
of 1970 to 1973 disclosed thrombus routinely within 
the lumen of the shunt, particularly at the proximal 
and distal orifices. Use of the scanning microscope 
showed the clots to consist of a fibrin meshwork con- 
taining platelets and red blood cells. On several 
occasions they documented thrombotic occlusion of 
the shunt with resultant acute deterioration of the 
electroencephalographic pattern and reduction of 
cerebral blood flow as measured by intraarterial injec- 
tions of Xenon-133. One patient with a shunt in place 
suffered a permanent neurologic deficit from emboli, 
possibly arising from the thrombus accumulating within 
the shunt itself. Because of their experience with 
thrombosis of silastic shunts despite systemic heparin 
anticoagulation, in 1973 they switched to the use of 
TDMAC heparin-treated shunts. They state that they 
have not had any problems caused by thrombotic oc- 
clusion of the shunt nor have they been able to identify 
any thrombus deposits within the shunt lumens since 
adopting use of the heparin treated shunt. Certainly 
closer scrutiny of currently employed shunts should be 
made. particularly with electron microscopy at the 
completion of the operative procedure. Their studies 
would indicate that a shunt certainly should not be 
used more than once whether coated or not. 

Some surgeons have used visual assessment of back 
bleeding from the open internal carotid artery to assess 
the need for a shunt, but such observations are cer- 
tainly empiric and cannot be quantitated or recom- 
mended. 

Monitoring of the jugular venous oxygen satura- 
tion*!5 has proved to be less reliable than expected, 
mainly because it is more a reflection of global hemi- 
sphere perfusion and interhemispheric mixing of 
venous blood. This technique of judging whether a 
shunt is indicated has not stood the test of time and 
has generally been discarded. 

Induced hypertension continues to be recommended 
by various authors but may be misleading. Its use may 
be similar to treating shock with vasopressors; the 
pressure is increased, but with a synchronous increase 
in vascular resistance, there is no improvement in tis- 
sue perfusion. Crawford et al. administered neo- 
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synephrine to a patient who developed a convulsion 
three seconds after temporary occlusion of the internal 
carotid artery to test its effectiveness in maintaining 
normal cerebral function. Despite the fact that the mean 
brachial arterial blood pressure was raised from 105 to 
175 mm Hg, the patient developed a second convul- 
sion 45 seconds after occlusion, indicating the in- 
effectiveness of this agent in supporting the cerebral 
circulation in this case. Our experience has been that 
maintenance of Pco, within normal ranges in the ab- 
sence of significant hemorrhage has provided adequate 
blood pressure without the use of pressors. Unsus- 
pected hyperventilation during general anesthesia can 
markedly lower Pco, but the resultant decreased 
cerebral blood flow can be masked by pressor drugs. 

Constant monitoring of the electroencephalogram 
during surgery has been employed by some surgeons? 
to monitor the need for intraoperative shunting. The 
technique appears to be a reliable guide of cerebral 
perfusion during carotid occlusion, especially when 
abnormalities are noted, but it may not be completely 
reliable when the tracings are normal. The technical 
aspects of the procedure also are not fool proof and a 
neurologist is usually required to be in attendance for 
accurate interpretation of the studies. 

Both hypercarbia and hypocarbia have been advo- 
cated to enhance total cerebral perfusion during caro- 
tid crossclamping. One group of investigators’? have 
postulated that there is an actual decrease in regional 
blood flow to ischemic areas of the brain to the ad- 
vantage of the contralateral hemisphere with an intra- 
cerebral steal when hypercarbia is induced. On this 
basis they recommended that the safety of carotid 
crossclamping was enhanced by lowering the Pco,;. 
While we once believed in induced hypercarbia, we 
along with most others working in this field feel that the 
evidence for hypocarbia or hypercarbia is not convinc- 
ing, whereas the need for maintenance of normal ranges 
of Pco, is most important in ensuring optimal cerebral 
perfusion by way of contralateral extracranial vessels. 

Crawford and associates? in 1960 first described in- 
ternal carotid artery (ICA) back pressure or what has 
commonly become known as the stump pressure. They 
measured intraarterial blood pressure simultaneously, 
both proximal and distal to the clamped carotid bifurca- 
tion in 17 patients undergoing endarterectomy under 
local anesthesia. The level of the mean pressure in 
the proximally clamped internal carotid was correlated 
both with the development of neurologic deficits and 
the presence of contralateral internal carotid occlusion. 
The ICA pressure obtained distal to the region of 
temporary complete occlusion in these cases they felt 
represented pressure resulting from collateral blood 
flow within the cerebrum, since the internal carotid 
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Fic. 1. Shows measure- 
ment of the internal caro- 
tid artery back pressure or 
stump pressure after ex- 
posure of the carotid bifur- 
cation. The common and 
external carotid arteries 
have been clamped. 


does not generally have extracranial branches. Three 
patients with mean stump pressures of 12, 20, and 42 
mm Hg all had contralateral internal ICA obstruction 
and either lost consciousness or had aphasia and motor 
weakness between three seconds and two minutes of 
carotid clamping. Stump pressures of the other 14 
patients ranged from 40 to 90 mm Hg and were not asso- 
ciated with neurological defect on carotid clamping. 
The authors stated that additional experience may 
prove this method to be helpful in the determination 
of minimal blood flow required during the period of 
operation. 

Moore and associates?? in 1969 stressed the clinical 
importance of ICA back pressure and popularized it as 
the stump pressure (Fig. 1). They operated upon a 
series of patients under local anesthesia so they could 
correlate the patients’ conscious response to trial ar- 
terial occlusion with the level of measured back pres- 
sure. They decided on the basis of these studies that a 
25 mm Hg stump pressure was the minimum pressure 
below which a shunt was required and above which the 
surgeon could clamp the carotid artery with assurance 
that collateral circulation was adequate. They?! subse- 
quently stated that patients with back pressures above 
25 mm Hg who have had a history of a completed 
stroke of persistent neurologic deficit on the side of the 
operation should be shunted in spite of their apparently 
adequate stump pressures. They stated that the only 
information that could be gained in a careful analysis 
of angiographic findings suggests that patients are 
more likely to require a shunt if they have multiple 
lesions or contralateral internal carotid occlusion. 
However, 86% of their patients with contralateral 
occlusions did not need shunts. 
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Smith et al.” performing carotid endarterectomy 
under general anesthesia had three patients develop 
stroke with stump pressures of 25 to 50 mm Hg and one 
stroke in a patient with a stump pressure over 50 mm 
Hg. None of these patients were shunted as they were 
using 25 mm Hg as their criteria for shunting. 

Hobson and associates” correlated patients’ neuro- 
logical status under local anesthesia with stump pres- 
sures and found that three of 22 patients with stump 
pressures of 70 mm Hg developed deficits during four- 
minute test occlusions, while two of 25 patients with 
stump pressures between 25 to 50 mm Hg developed 
neurological complications. Three of three patients 
with stump pressures below 25 mm Hg did not tolerate 
temporary carotid occlusion. They concluded that the 
ICA back pressure should exceed a range 60 to 70 mm 
Hg to insure adequacy of collateral cerebral flow if it is 
being used as the criteria under general anesthesia to 
select those patients who do not require shunting. 

Hays and associates” recommended a shunt if stump 
pressures were below 41 mm Hg but felt shunting was 
not needed if the stump pressure exceeded 50 mm Hg. 

Akl and associates! stated that in their opinion a 
mean stump pressure of over 25 mm Hg, after induction 
of systemic hypertension, is safe for the performance 
of endarterectomy without an internal shunt. However, 
they rarely employed shunts and felt that their morality 
of 2.5% and the total neurologic complication rate of 
7.5% encountered in their series were within the range 
of complication rates reported by others who either 
routinely or commonly employed shunts. It may be that 
variations in PCO, may account for the apparent dis- 
crepancy in the reported critical levels of stump 
pressure. 


338 


When we first performed carotid endarterectomy 
some 20 years ago, we employed local anesthesia to 
assess the neurological condition of the patient during 
the operation. However, we subsequently switched to 
general anesthesia because of problems associated with 
operating on a restless, moving patient. Davies and 
associates’ in 1972 reported on 219 carotid endarterec- 
tomies performed between 1959 and 1970 under local 
anesthesia. They stated that in their opinion no 
method of brain monitoring can be as accurate as utiliz- 
ing the patient's own clinical response. They occlude 
all three carotid branches for three minutes and have 
found that those Who cannot tolerate the occlusion 
rapidly become confused, hemiparetic, or unconscious. 
Sixteen per cent of their patients responded in this 
fashion and were shunted. The other 84% were not 
shunted. Once testing had been accomplished, supple- 
mental fentanyl was administered to restless patients. 
In this series of 219 operations, there was a corrected 
operative mortality of 2.3%. Only two patients showed 
late worsening of preexisting neurologic deficit. 
Hobson and associates in 1974? reported a series of 50 
carotid endarterectomies performed with the patient 
awake under regional anesthesia. A four-minute in- 
ternal carotid artery test occlusion was used to deter- 
mine the need for shunting. Twenty-one of the patients 
had an ICA back pressure of 55 to 85 mm Hg. Three 
of these patients with pressures of 70 mm Hg were 
unable to tolerate the period of test clamping of the 
carotid artery and developed neurological deficits 
during the test occlusion. Twenty-five patients had 
a mean ICA back pressure varying from 25 to 50 mm 
Hg. Two patients in this group demonstrated neuro- 
logical deficits during clamping. A third group of three 
patients had a mean ICA back pressure below 25 and 
all were unable to tolerate test clamping of the carotid 
artery and internal shunting was required. These 
investigators concluded from their data that if the sur- 
geon wishes to avoid the use of a shunt in the maximum 
number of patients, the technique of local anesthesia 
and test occlusion of the internal carotid artery is a 
reasonable and safe alternative. 

Hays et al.” stated that they discarded the use of a 
three-minute test clamping of the internal carotid artery 
under local anesthesia because the method was found 
to be not totally reliable since some patients who 
tolerated three minutes of trial occlusion developed 
postoperative neurologic deficits with longer periods 
of operative occlusion. They did not, however, state 
whether there was evidence of clinical neurological 
change later during the endarterectomy which would 
have allowed immediate insertion of a shunt. If there 
was no discernable cerebral deficit at the completion 
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of the operation under local anesthesia, subsequent 
neurological changes should not be attributed to the 
lack of a shunt but rather to thrombosis or late 
embolization secondary to technical error during the 
operation. 

Several authors refer to a study by Wells and asso- 
ciates?' in 1963 purporting to show that there is an 
increased tolerance to cerebral ischemia produced by 
general anesthesia. It is stated that 20% of patients who 
had carotid arteries occluded for 30 to 60 seconds 
without general anesthesia suffered convulsions. How- 
ever, these occlusions were performed by manual 
external compression of the neck before any premedi- 
cating or anesthetic drugs had been administered and 
also without knowledge of the patient's Pco,. We do 
not think the postulations made by these authors under 
those conditions are warranted. Our patients come to 
the operating room with an average preoperative dose 
of 2 cc of Innovar, calm and relaxed. Xylocaine 1% is 
administered throughout the operative exposure and 
also infiltrated into the carotid sinus area. Sublimaze 
is given in 1 cc supplemental doses during the procedure 
to keep the patient relaxed but conscious. Each cc of 
Innovar contains 0.05 mg of fentanyl (a narcotic anal- 
gesic with actions qualitatively similar to those of mor- 
phine and meperidine) and Droperidol 2.5 mg (a drug 
that produces marked tranquilization and sedation). 
The combined effect of these drugs is sometimes re- 
ferred to as neuroleptanalgesia, characterized by gen- 
eral quiescence, reduced motor activity, and pro- 
found analgesia; complete loss of consciousness 
usually does not occur from the use of Innovar injec- 
tion alone. Oxygen is administered by mask throughout 
the procedure. If any neurological deficit is detected 
during test clamping or later in the procedure, a shunt 
is immediately inserted. Crossclamping of the carotid 
vessel is performed only after 5000 units of Heparin 
have been administered and an intraoperative PCO» 
is reported to be within normal limits. Clamping of 
the carotid vessels is least traumatically performed by 
using elastomer tapes controlled by a small right angle 
clamp. The carotid bifurcation must not be palpated or 
compressed before crossclamping to avoid intra- 
operative embolization. 

In addition to obtaining the ICA back pressure with 
the distal internal and external carotid arteries 
clamped, we also test the effect on the stump pressure 
of opening of the external carotid artery. We reported 
our experience in 19735 on opening the external caro- 
tid artery by endarterectomy in 45 patients and pointed 
out its importance in the surgical management of extra- 
cranial cerebrovascular disease. Rich collateral anasto- 
moses exist between the external carotid artery and 
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Fic. 2. Shows a Javid shunt 
used from the common 
carotid to the external caro- 
tid artery. The endarterec- 
tomy has been completed 
and closure is about to be 
performed. Note the unob- 
structed view of the in- 
ternal carotid artery well 
above the removed disease 
process. 


the intracranial circulation and these anastomoses may 
account for up to 30% of the intracerebral circulation in 
cases of bilateral internal carotid occlusion. 
Machleder and Barker" in 1974 showed that when the 
external carotid artery was declamped that the ICA 
stump pressure rose to an average of 13.5 mm Hg in 
eight patients. This study corroborated our observa- 
tions that the external carotid collateral circulation 
may have great importance in the maintenance of total 
cerebral blood flow and arterial pressure of internal 
carotid occlusive disease. They suggested that the 
ischemic effects of common carotid occlusion during 
endarterectomy of a severely stenotic internal carotid 
artery may be the result of interference with the cru- 
cial external carotid collateral flow rather than diminu- 
tion of the already compromised internal carotid artery 
flow. They reported shunting from the common carotid 
to the external carotid arteries in four patients under- 
going carotid endarterectomies. We have also applied 
this technique and it appears that it may be an attrac- 
tive alternative method when it has been determined 
that a shunt is necessary and when one wants to avoid 
a high incision on the internal carotid (Fig. 2). Its use 
may be particularly attractive if pressure determina- 
tions at the beginning of the procedure show that an 
open external carotid significantly raises the stump 
pressure. Finally, it should be noted that a conventional 
shunt may be inserted from the common carotid to 
either the internal or external carotid arteries during 
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the actual endarterectomy procedure if neurological 
ischemia is detected at any time by repeated communi- 
cation with the conscious patient and assessment also 
of motor ability. Post-operative hypertension may 
occur following carotid endarterectomy but appears 
in our experience to be less common when clinical 
assessment of cerebral tolerance to crossclamping has 
been made under conscious operative conditions. 
Hypertension may well be the body’s autonomic re- 
sponse to cerebral oxygen deficit and if the blood pres- 
sure is artificially lowered too much under such con- 
ditions, the patient may suffer further cerebral ischemia 
and permanent brain damage or even death. The blood 
pressure is constantly monitored for several hours 
postoperatively by arterial catheter and if it exceeds 
200 mm Hg, it is artificially titrated down to 200 mm Hg 
but not lowered artificially ever below 180 mm Hg. 
Moore?? reports post-operative stroke which he at- 
tributed to excessive lowering of the elevated post- 
endarterectomy blood pressure. 


Conclusion 


A comprehensive review of the literature on carotid 
endarterectomy with special reference to technique of 
operation plus a review of our experience with two 
different techniques on a single teaching vascular 
service has led us to the following conclusions: 

1) The operative procedure of carotid endarterec- 
tomy without a shunt is technically easier and avoids 
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possible complications of the intraluminal tube itself. 
2) It thus appears unreasonable to subject all patients 
to a more complicated procedure when only one or two 
patients in ten require a shunt, particularly if such 
patients can be reliably identified. 3) Visual assessment 
of back flow, electroencephalographic monitoring, and 
venous oxygen saturation determinations are not exact 
methods for such patient selection. 4) Internal carotid 
back pressure or stump pressure is a useful intra- 
operative tool but cannot be depended upon absolutely 
as a criteria for shunting. 5) The only proven absolute 
method to assess the safety of carotid endarterectomy 
without shunting is continuous neurological monitoring 
of the patient in the conscious state. 6) Carotid endarter- 
ectomy can now be performed under local anesthesia 
without difficulty in almost any patient by adjunct use 
of Innovar and Sublimaze. 7) Continuous arterial pres- 
sures and blood gas determinations are mandatory 
during and immediately after the procedure. The pa- 
tients Pco, must be in normal ranges before and 
during crossclamping of the carotid vessels to assure 
optimal contralateral cerebral perfusion. Extreme post- 
operative hypertension should be treated but not ex- 
cessively. 8) When shunts are employed, they should 
be discarded after each use. It may be advantageous to 
use shunts coated with heparin or other nonthrombo- 
genic substances. 9) Crossclamping of the carotid ves- 
sels is least traumatic if elastomer tapes are used, 
controlled by small clamps. Crossclamping of the caro- 
tid vessels with conventional vascular clamps may be 
the source of currently unrecognized embolic material. 
The carotid bifurcation must not be palpated or com- 
pressed before crossclamping to avoid intraoperative 
embolization. 10) Completion angiogram would appear 
to be helpful in identifying the occasional patient with 
incomplete operation. 
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DISCUSSION 


DR. JeEssE E. THOMPSON (Dallas, Texas): I would like to comment 
about general anesthesia for carotid surgery, since this is what we 


presently use. We previously used local anesthesia, but some years 
ago switched over to general, and have found it most satisfactory. 

One of the chief causes of operative-related strokes is emboliza- 
tion from a necrotic plaque during manipulation of the artery. This 
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can occur under local or general, with or without a shunt, and 
bears no relationship to anesthesia. It is prevented by gentleness 
in surgical technique. 

We are left, therefore, with those patients who develop strokes 
on the basis of ischemia; that is, who cannot tolerate temporary 
clamping of the artery, which is the reason Dr. Connolly prefers 
to operate on his patients awake, so that he can insert a shunt 
if the patient develops a neurologic deficit. This technique is not 
infallible, however, since we have observed on occasion that a 
patient who develops a deficit may not reverse the deficit after the 
shunt is inserted, and ends up with a permanent neurologic deficit. 

One of the reasons we have preferred general anesthesia re- 
lates to the innate properties of inhalation anesthetics, espe- 
cially halothane. First, there is a decrease in cerebral vascular 
resistance, with a resulting increase in cerebral blood flow; and 
second, there is a reduction in the cerebral metabolic demands for 
oxygen, by about 30%, on the average. Thus, general anesthesia 
is in itself a good means of cerebral protection. However, when 
general anesthesia is employed, one either uses no shunt, and 
risks a certain incidence of stroke, uses a shunt routinely, or uses 
a shunt selectively, based on the EEG or the level of carotid stump 
pressure. Routine shunting and selective shunting based on EEG 
and stump pressures have given excellent results, with the same low 
incidence of mortality and strokes as Dr. Connolly has shown with 
local anesthesia. 

(Slide) Of our total twenty-year experience with 1259 operations, 
in the last 14 years we have used general anesthesia and routine 
shunting, which presents no technical problems when one becomes 
familiar with the technique. Here you see in this recent experience 
with 987 operations, that in patients with transient cerebral ischemia 
the operative mortality has been 0.7%, largely of cardiac origin. 
The incidence of operated-related strokes, both transient and per- 
manent, has been 1.696. 

I have found that general anesthesia suits me better than local, 
and has been quite satisfactory for the patients. I think each 
surgeon doing carotid operations must work out for himself the type 
of anesthetic management that he feels comfortable with in his partic- 
ular institution, and one that gives him results which are acceptable. 


Dr. W. STERLING EDWARDS (Albuquerque, New Mexico): This 
report of 102 carotid endarterectomies with only one death and no 
neurological residuals is certainly a remarkable feat, and will be hard 
to exceed. The authors must be doing something right. In fact, they 
are obviously doing a number of things right. 

My question is: Can these results be attributed, mostly or entirely, 
to the use of local anesthesia and only using a shunt selectively? 

It's been reported by many vascular centers that carotid 
endarterectomy results progressively improve with the experience 
of the team. Most centers have found that, as experience increases, 
their results improve; and yet surgeons at these centers are using 
many different techniques to protect the brain. 

It's been my belief for a number of years that most of the post- 
operative deficits that occur are due to intraoperative emboli, either 
from too vigorous manipulation of the carotid arteries or from 
debris or AF air remaining in the lumen when blood flow is restored. 

I firmly believe that much of the improvement in the reduction 
of neurologic complications on busy vascular services has been due 
to reduction in these mechanical causes of intraoperative emboli, 
as well as to improved monitoring of the adequacy of cerebral 
blood flow. And I would suspect that the same thing may be true 
in Dr. Connolly's situation, that not only has better monitoring 
improved his results, but that better technique has been employed. 

This is not said to detract in any way from his excellent 
results, but to stress again the importance of a careful handling 
of the carotid arteries and avoidance of emboli. 


Dr. PauL NEMIR, JR. (Philadelphia, Pennsylvania): I believe 
this operation is going to be performed with increasing frequency. 
There is good evidence that embolization from an ulcerating plaque 
is a more common remedial cause of TIA's than hemodynamically 
significant stenosis. 

We recently completed a study of the plaques removed in just 
over 200 operations. Ulcerations ranging from one centimeter in 
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diameter to microscopic size were present in 72% of examined 
specimens, and our indications for operation have widened. 
Anything, therefore, that would add to the safety of the procedure 
is welcome. 

We presently have utilized an internal shunt routinely, but the 
impressive results reported in this paper, especially with respect to 
the total absence of neurologic complications, is strong encourage- 
ment for returning to local anesthesia. 

We have been concerned about another apparent complication. 
During 1976 five of 27 patients undergoing carotid endarterectomy 
exhibited electrocardiographic evidence of subendocardial infarc- 
tion. All were, and have remained, completely asymptomatic. There 
was no apparent hypotensive episode, and serial enzyme studies 
were, and have remained, essentially negative. Two of the patients 
had bilateral procedures, but three had only unilateral operations. 

We have been inclined to attribute this to neurogenic electro- 
cardiographic changes which have been reported in various nervous 
system diseases or to partial carotid sinus denervation. However, 
our cardiologists have felt that it does represent myocardial 
damage, and this has led to a running battle in postoperative 
management. 

I would like to ask Dr. Connolly if they have experienced 
similar complications, and, if so, whether there was any difference 
between the two series? 


Dr. Louis L. SMrrH (Loma Linda, California): We too have 
been employing selective carotid shunting, since we believe 
endarterectomy is technically easier, and the likelihood of emboliza- 
tion is less likely if a shunt can be avoided. General anesthesia 
is employed. (Slide) 

We have studied blood gases and carotid stump pressure as 
factors in stroke risk. (Slide) Our study began in June of 1972, and 
has continued through September of 1975. You will note there were 
269 patients. Sixty-three patients had bilateral operations, giving a 
total number of endarterectomies of 332. 

We analyzed our data, (slide) and have three groups based on 
the Pco, level hypocarbic, normocarbic, and hypercarbic. You will 
see that there were 78 patients in the hypocarbic group, 95 in the 
normocarbic, and 159 in the hypercarbic group. The number of 
shunts employed was roughly one in ten, and this varied little from 
group to group. 

The mean stump pressure varied inversely with the Pco,. You 
will note that the mean pressure in the hypocarbic group was 63, 
versus 56 in the normocarbic group, and 45 in the hypercarbic 
group. These results are not statistically significant because of 
the small number of cases in each group. 

As a result of these observations, we have switched from 
hypercarbia and now employ a Pco, level of between 30 to 40 mm 
Hg. (Slide) We did not find a correlation between the Pco, level and 
the stump pressure in those individuals experiencing a neurologic 
deficit. You will notice that roughly one half of those patients who 
experienced a stroke had a stump pressure of 50 mm Hg or greater. 

We have concluded, as have Dr. Connolly and his group, that 
carotid stump pressure does not always identify those patients who 
are at high risk for developing a neurologic complication during 
operation, and that should have intraoperative shunting. 

The use of local anesthesia, as described this morning, offers 
promise of being a more accurate indicator of the need for intra- 
operative shunting. 


Dr. Epwin J. WYLIE (San Francisco, California): I agree that 
carotid reconstruction is easier to accomplish without the trouble- 
some interference that an inlying shunt provides. Those surgeons 
who share this view have continued to search for a reliable means 
for identifying the patients who do not require shunting. 

We have used the method described here early in our experience 
but abandoned it over 15 years ago. Carotid operations under local 
anesthesia are distressing to both the patient and the surgeon. In 
addition, the value of general anesthesia in reducing cerebral 
metabolic demand is sacrificed. In our subsequent experience we 
have found that stump pressure determination is a completely re- 
liable technic. I think there are two fallacies in the conclusion from 
this paper. 
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The first is the assumption that the strokes reported in this 
series were the result of clamp ischemia. There are other causes of 
post-operative stroke, the most common being embolization from 
excessive manipulation of the carotid bulb. No evidence was pre- 
sented to rule out one of these other causes in the two patients who 
developed postoperative stroke in the presence of high stump pres- 
sures. 

The second fallacy concerns the selection of the level of stump 
pressure that indicates adequacy of collateral hemispheric blood 
flow. In an earlier published report we had settled upon a level of 
50 mm Hg mean, a higher level than the one used by Dr. Con- 
nolly's group. We recently reviewed our current data on post- 
operative stroke and stump pressure. In the past two years, 423 
carotid operations were performed. There were 350 patients whose 
stump pressures exceeded 50 mm Hg and none of these were 
shunted. In this group two patients (0.6%) developed hemiparesis 
postoperatively. One was the result of avulsion of the distal internal 
carotid artery and the other occurred in a patient with crescendo 
TIA and an existing neurologic deficit which worsened post- 
operatively. 

The results suggest that the stump pressures continue to be the 
most reliable index for determining the need for intraoperative 
shunting. 


Dr. Max R. GasPAR (Long Beach, California): Twenty years ago 
we used local anesthesia, and it was often a harrowing ex- 
perience because patients became restless. This was the tipoff that 
cerebral ischemia was developing. I don’t quite know how Dr. Con- 
nolly can avoid getting into trouble when a patient starts to get 
restless. 

If his group can use shunts so successfully in 20% of patients, 
they must be doing it very well. But if only 20 shunts were 
used in three years, it hardly seems enough volume to train a group 
of residents to use shunts properly, and I am rather worried that 
he is sending residents out who don’t really know how to put ina 
shunt when they need one. It’s like taking off in a twin-engine 
airplane and having one engine quit. You have to know what to do 
instantly when that happens. I think that residents who are being 
taught to do carotid surgery should be taught to use a shunt on a 
routine basis. They should not be put into the position of having to 
try flying on one engine. 

I agree with Dr. Thompson that it really is easier to do a leisurely 
operation on the carotid with a shunt in place. We use them 
routinely. In our last 100 patients there was one death due to myo- 
cardial infarction, there were two transient neurological deficits 
lasting less than two hours and one that lasted several days and 
then cleared completely. Obviously, this operation can be done 
several different ways, but everybody eventually uses a shunt at 
least some of the time, and I think we all should be able to use it 
very well all of the time. 


Dr. Jonn E. CoNNOLLY (Closing Discussion): Dr. Thompson, 
I agree wholeheartedly that manipulation is very important, and I 
should have mentioned that. I must admit that our residents still 
have itchy fingers, and I don’t think that the residents in the early 
series were much different than the residents now. 

I seriously question in our manuscript (and time does not permit 
me to go into the details here) some postulations made by Wells 
and associates some years back about the advantages of general 
anesthesia for carotid surgery. Their paper has been quoted sub- 
sequently in many carotid articles. I can tell you that Innovar 
and Sublimaze have made it possible to operate under local anes- 
thesia safely and conveniently with a sedated but conscious patient. 

We first performed carotid endarterectomy under local anesthesia 
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but we gave it up because the patient was often uncomfortable 
and moving on the table. It was unpleasant both for the surgeon 
and the patient. But this is not true if these new drugs are 
employed. With their use we find very few patients who do not 
tolerate the operation very well under local. 

Dr. Edwards, I feel that our results are not large enough to be 
sure that our next 100 patients will do as well as the reported group. 
We were, perhaps, lucky with that second group but I do feel that 
our change to the use of local anesthesia has given us an absolutely 
safe method of determining when a shunt is required. 

Dr. Nemir, I agree that ulcerative plaques are extremely im- 
portant. Regarding the question about concurrent coronary disease, 
we have not seen that relationship. My guess is that you are 
dealing with a group of patients who have both coronary artery dis- 
ease and carotid artery disease, and in our hands these patients 
would be getting a total-body arteriogram, and we would be identify- 
ing the coronary disease, I think, before we do the carotid opera- 
tion. 

Dr. Smith, thank you for your concurrences. 

Dr. Wylie, I'm quite aware of your writings on stump pressure, 
and in our paper I have listed 50 mmHg as your cutoff for stump 
pressure. However, one of your pupils, Dr. Wesley Moore, has 
written several widely quoted papers suggesting that 25 mmHg is the 
critical stump pressure, and that’s why I wanted to be sure that 
those who use the 25 figure be aware that they can not depend on it 
entirely. And if you look over the literature, you will find that there 
are other authors who have thought they were safe with a stump pres- 
sure of even 70 mmHg and who have had postoperative neurological 
defect develop under general anesthesia without a shunt. It’s not 
common; it’s rare. So 50 mmHg in most cases is probably safe, but 
not invariably so. 

If no unconsciousness or motor changes are noted during the trial 
carotid crossclamping but occur during the endarterectomy pro- 
cedure, we can always insert a shunt at that time. This is possible 
because we continue to talk to the patient and assess the neuro- 
logical status during the operation. Thus, it doesn't mean that 
we make one final decision right at the beginning of the operation 
as to whether we are going to use a shunt or not. 

Dr. Gaspar, I think the use of a shunt in 20% of our patients 
gives our vascular fellows plenty of opportunity to learn how to use 
a shunt. We are hopefully training them to treat the patient as they 
will do after finishing their training. 

(Slide) I want to point out something that Dr. Wiley Barker and I 
have been interested in. Normally, when you take the stump pres- 
sure, you have the external carotid crossclamped. We think that 
right after you have taken the stump pressure in this con- 
ventional manner, you should remove the clamp from the common 
carotid and see what contribution an open external carotid will make 
on the stump pressure. We find it often will elevate the stump 
pressure 10 to 15 mmHg. If so, you may choose to shunt from the 
common to the external carotid so that the shunt is not in the way 
of the endarterectomy at the upper end of the internal carotid. 

(Slide) And this just shows that during the operation you can in- 
sert a shunt into the external carotid in that type of patient and 
have it well out of the way. Here is the upper end of the disease, 
where you are operating, the most important end, where the plaque 
may extend high in the internal carotid and it is not encumbered 
by a shunt. Thus, I would like to call to your attention even 
when you choose to use a shunt from the beginning, to think about 
the option of shunting from the common carotid to the external 
carotid and not always from the common carotid to the internal 
carotid artery. 

Finally, what we're all trying to do is to lower the morbidity 
and mortality of carotid endarterectomy to the very lowest common 
denominator. 
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CeeNU should be administered by - 
individuals experienced in the use — 
of antineoplastic therapy. 

Since the major toxicity is de- 
layed bone marrow suppression, 
blood counts should be monitored 
weekly for atleast 6 weeks after 
a dose. (See "Adverse Reactions") 

At the recommended dosage, 
courses of CeeNU should not be 
given more frequently than every 
6 weeks. 

Caution should be used in ad- 
ministering CeeNU to patients with 
decreased circulating platelets, 
leukocytes, or erythrocytes. (See 
"Dosage and Administration”) 

Liver function should be moni- 
tored periodically. (See "Adverse 
Reactions") 





Indications. CeeNU is indicated as 
palliative therapy to be employed in 
addition to other modalities, or in 
established combination therapy with 
other approved chemotherapeutic 
agents in the following: 

Brain tumers—both primary and 
metastatic, in patients who have 
already received appropriate surgical 
and/or radictherapeutic procedures; 

Hodgkin's disease—as a secondary 
therapy. 

Contraindicctions. CeeNU should not 
be given to individuals who have 
demonstrated a previous hyper- 
sensitivity to it. 

Warnings. Safe use in pregnancy has 
not been established. CeeNU is . 
embryotoxic and teratogenic in rats 
and embryotoxic in rabbits at dose 
levels equivalent to the human dose. 
CeeNU also affects fertility in male 
rats at doses somewhat higher than 
the human dose. 

CeeNU is carcinogenic in rats and 
mice, producing a marked increase 
in tumor incidence in doses approxi- 
mating those employed clinically. 
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Procoutions: CeeNU (lomustine 
[CCNU]) should be administered by 
individuals experienced in the use of 
antineoplastic therapy. 

Since the major toxicity is delayed 

bone marrow suppression, blood 
counts should be monitored weekly 
for atleast 6 weeks after a dose. 
(See "Adverse Reactions") At the 
recommended dosage, courses of 
CeeNU should not be given more 
frequently than every 6 weeks. 

Caution should be used in admin- 
istering CeeNU to patients with 
decreased circulating platelets, leu- 
kocytes, or erythrocytes. (See ' "Dosage 
and Administration”) 

Liver function should be moni- 
tored periodically. (See " Adverse 
Reactions" ) 

Adverse Reactions. Nausea and vomit- 
ing may occur 3 to 6 hours after an 
oral dose and usually last less than 

24 hours. The frequency and duration 
may be reduced by the use of anti- 
emetics prior to dosing amd by the 
administration of CeeNU to fasting 
patients. 

Thrombocytopenia occurs at about 
4 weeks after a dose of CeeNU and 
persists for 1 to 2 weeks. 

Leukopenia occurs at about 6 weeks 
after a dose of CeeNU and persists 
for 1 to 2 weeks. Approximately 65% 
of patients develop white blood 
counts below 5000 wbc/1nm? and 
36% develop white blood counts 
below 3000 wbc/mm3?. 

CeeNU may produce cumulative 
myelosuppression, manifested by 
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duration of suppression after repeated 
doses. 

Other toxicities: Stomatitis, alopecia, 
anemia, and hepatic toxicity, mani- 
fested by transient reversible elevation 
of liver function tests, have been 
reported infrequently. 

Neurological reactions such as 
disorientation, lethargy, ataxia, and 
dysarthria have been noted in some 
patients receiving CeeNU. However, 
the relationship to medication i in these 
patients is unclear. 
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Dosage and Administration. The - 
recommended dose of CeeNU 
(lomustine [CCNUJ) in adults and 
children is 130 mg/M? as a single 
dose by mouth every 6 weeks. 

In individuals with compromised 
bone marrow function, the dose should 
be reduced to 100 mg/M? every 
6 weeks. 

A repeat course of CeeNU should 
not be given until circulating blood 
elements have returned to acceptable 
levels (platelets above 100,000/mm?; 
leukocytes above 4,000/mm5). Blood 
counts should be monitored weekly 
and repeat courses should not be 
given before 6 weeks because the 
hematologic toxicity is delayed and 
cumulative. 

Doses subsequent to the initial dose 
should be adjusted according to the 
hematologic response of the patient 
to the preceding dose. The following 
schedule is suggested as a guide 
to dosage adjustment. 


Nadir After Prior Dose Percentage of Prior 
Leukocytes Platelets Dose to be Given 


>4000 > 100,000 100% 
3000-3999 " 75,000-99,999 100% 
2000-2989  25,000-74,999 70% 

«2000 << 25,000 50% 

When CeeNU is used in combina- 
tion with myelosuppressive drugs, the 
doses should be adjusted accordingly. 
Supply. This dose pack of CeeNU 
(lomustine [CCNU]) Capsules 
contains: 
NDC 0015-3032-13—2—100 mg capsules 

(Green/Green). 

NDC 0015-3031-13—-2—40 mg capsules 

(Purple/Green). 

NDC 0015-3030-13—2—10 mg capsules 

(Purple/Purple). 

Directions to the Pharmacist: The cap- 

sules are to provide enough medication 

for a single dose. The total dose pre- 
scribed by the physician can be 

obtained (to within 10 mg) by deter- . 

mining the appropriate combination 

of the enclosed capsule strengths. 

The appropriate number of capsules 
of each size should be placed ina 
single vial to which the patient infor- 
mation label (gummed label provided) 
explaining the differences in the ap- . 
pearance of the capsules is affixed. 

Example: A patient dose of 240 mg 
can be obtained by combining two 
100 mg capsules and one 40 mg cap- 
sule. The remaining capsules (if my) 
should be discarded. 

A patient information sticker, to be 
placed on dispensing container, is 
enclosed. 

For information on maak sizes. 
available, refer to the current price 
schedule. 
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A new 
surgical light 
based on our 
analysis of 
your needs. 


It evolved from in-depth studies 
of surgeons’ needs during the 
most demanding and complex 
surgical procedures. 

We watched the surgical team 
at work. We talked with members 
of the team about their needs and 
desires, their likes and dislikes. 
We studied surgical techniques 
from the standpoint of produc- 
tivity, efficiency, cost-effective- 
ness, and patient care. 

The result: Challenge 22, a 
lighting system that offers a 
uniquely broad combination of 





pluses that reflect the require- 
ments of today's O.R. suite. 
Pluses such as cool penetrating 
light that gives the surgical team 
superior insight into deep-cavity 
operations. Pluses that include a 
tungsten-halogen light source 


tested and found ideally suited 
for surgical lighting. And a spe- 
cially designed filter system that 
effectively reduces temperature 
and provides a cooler surgical 
environment. 





To satisfy diversified require- 
ments of diversified surgical pro- 
cedures, Challenge 22 is offered 
with a number of mounting sys- 
tems. Lightheads may be sus- 
pended from a central hub and 
rotating horizontal arms. They 
can also be track-mounted — either 
fixed or rotating. In any of these 
arrangements, Challenge offers 
excellent shadow control. 

Fixtures move freely, smoothly 





and quietly — from within or out- 
side the sterile field — but do not 
“drift” once they're positioned. 
Light patterns and intensities 
can be adjusted to meet the 
requirements of various surgical 
procedures. 

These and other innovative 
features of Challenge 22 are the 
result of AMSCO's direct and 
continuing involvement with health 
care. An involvement that posi- 
tions AMSCO as both partner 
and problem solver to hospitals 
and the people who run them. 

And while Challenge 22 literally 
sheds new light on surgical pro- 
cedures, our entire involvement 
in health care is designed to 
achieve the same objective. . . 
figuratively. 

Today. And well into the future. 
Your partner in 
Health-Care Progress 
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Only 


ETHIBOND 


POLYESTER SUTURE 
has polybutilate 


"ie first coating desrened for surgery 


All coated sutures available until now have been coated with 
commercial lubricants. ETHIBOND suture, a braided polyester, is 
coated with polybutilate, also a polyester but developed specifically 
for surgical use. 

Since polyester coating has a natural affinity for polyester 
braid, a strong cohesive attraction forms — and minimum polybutilate 
is required for maximum lubrication. Each suture is uniformly coated 
according to size, virtually eliminating any possibility of the lubricant's 
flaking, shredding or beading. Thus, ETHIBOND suture exhibits less 
tissue reaction compared to sutures which tend to exfoliate their coating. 

With its minimum polybutilate coating, ETHIBOND suture 
has a soft, pliable hand — easy to tie and knot It passes through tissue 
with an ease that can be compared to monofilament suture materials. It 
has high tensile strength, and retains its strength in vivo. 

ETHIBOND suture is available in a full range of sizes, in 
precut unthreaded sutures or swaged to Super-Smooth needles 
specifically designed for general surgery. 

The general surgeon will find ETHIBOND suture an excellent 
choice for skin closure, fascial closure, hernia repair and Gl 
anastomosis, affording ease of passage through tissue, minimal 
reactivity and patient comfort during suture removal. 
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ETHIBOND* 


POLYESTER SUTURE 
NONABSORBABLE 
SURGICAL SUTURE, U.S.P. 


DESCRIPTION 

ETHIBOND suture is nonabsorbable, braided, polyester 
(polyethylene terephthalate or MERSILENE* polyester) fiber 
uniformly coated with polybutilate, or poly [oxy-1, 
4-butanediyloxy (1,6-dioxo-1,6-hexanediyl)]. The highly adher- 
ent coating is a biologically inert, nonabsorbable compound 
which acts as a lubricant to mechanically improve the physi- 
cal properties of the uncoated suture by improving ease of 
passage through tissues and by providing overall improved han- 
dling qualities as contrasted to the braided, uncoated fiber. 


ETHIBOND sutures are sterile, inert, and elicit minimal tissue 
reaction. They are braided for optimal handling properties, 
and for good visibility in the surgical field the dyed sutures are 
colored with D&C Green No. 6. 


ACTIONS 

ETHIBOND sutures are strong, nonabsorbable sutures: sub- 
cutaneous tissue implantation in rats shows that no signific- 
ant change in the retention of tensile strength of the suture 
occurs during the entire evaluation period of 180 days. Both 
the polyester fiber suture material and the polybutilate coating 
are pharmacologically inactive. 


INDICATIONS 
ETHIBOND suture is intended for use as a nonabsorbable 
suture. 


CONTRAINDICATIONS 


None 


WARNINGS 
ETHIBOND polyester sutures have not been evaluated in 
ophthalmic surgery. 


Do not resterilize. 
PRECAUTIONS 
As with all sutures, acceptable surgical practice must be fol- 


lowed with respect to drainage and closure of infected 
wounds. 


Knot security requires the standard surgical technique of flat 
and square ties, with additional throws if indicated by surgical 
circumstance and the experience of the operator. 


Two-year carcinogenicity studies in Long-Evans rats demon- 
strated no carcinogenic potential. 


ADVERSE REACTIONS 

Slight erythema and/or induration at suture sites have been 
reported in approximately 2% of the patients in whom 
ETHIBOND sutures have been used, a not unexpected reaction. 


DOSAGE AND ADMINISTRATION 


Use as required per operation. 


HOW SUPPLIED 

ETHIBOND sutures are available sterile as green braided and 
undyed (white) strands in sizes 5 to 7/0 in a variety of lengths, 
with and without needles, in one and three dozen units. 
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Tablets | . 
Percocet -5 © 


DESCRIPTION Each tablet of PERCOCET®-5 con- 
tains 5mg oxycodone hydrochloride (WARNING: 
May be habit forming), 325mg acetaminophen 
(APAP). 

INDICATIONS For the relief of moderate to moder- 
ately severe pain. 

CONTRAINDICATIONS Hypersensitivity to oxyco- 
done or acetaminophen. 


WARNINGS Drug Dependence Oxycodone can pro- 
duce drug dependence of the morphine type and, 
therefore, has the potential for being abused. Psy- 
chic dependence, physical dependence and toler- 
ance may develop upon repeated administration of 
PERCOCET®-5, and it should be prescribed and 
administered with the same degree of caution 
appropriate to the use of other oral narcotic-contain- 
ing medications. Like other narcotic-containing 
medications, PERCOCET *-5 is subject to the Federal 
Controlled Substances Act 


Usage in ambulatory patients Oxycodone may 
impair the mental and/or physical abilities required 
for the performance of potentially hazardous tasks 
such as driving a car or operating machinery. The 
patient using PERCOCET®-5 should be cautioned 
accordingly. 

Interaction with other central nervous system 
depressants Patients receiving other narcotic anal- 
gesics, general anesthetics, phenothiazines, other 
tranquilizers, sedative-hypnotics or other CNS 
depressants (including alcohol) concomitantly with 
PERCOCET®-5 may exhibit an additive CNS depres- 
sion. When such combined therapy is contempla- 
ted, the dose of one or both agents should be 
reduced 

Usage in pregnancy Safe use in pregnancy has not 
been established relative to possible adverse effects 
on fetal development. Therefore, PERCOCET®-5 
should not be used in pregnant women unless, in 
the judgment of the physician, the potential benefits 
outweigh the possible hazards. 


Usage in children PERCOCET®-5 should not be 
administered to children 


PRECAUTIONS Head injury and increased intra- 
cranial pressure The respiratory depressant effects 
of narcotics and their capacity to elevate cerebro- 
spinal fluid pressure may be markedly exaggerated 
in the presence of head injury, other intracranial 
lesions or a pre-existing increase in intracranial 
pressure. Furthermore, narcotics produce adverse 
reactions which may obscure the clinical course of 
patients with head injuries. 

Acute abdominal conditions The administration of 
PERCOCET®-5 or other narcotics may obscure the 
diagnosis or clinical course in patients with acute 
abdominal conditions. 

Special risk patients PERCOCET®-5 should be 
given with caution to certain patients such as the 
elderly or debilitated, and those with severe impair- 
ment of hepatic or renal function, hypothyroidism, 
Addison's disease, and prostatic hypertrophy or 
urethral stricture 

ADVERSE REACTIONS The most frequently 
observed adverse reactions include light-headed- 
ness, dizziness, sedation, nausea and vomiting 
These effects seem to be more prominent in ambu- 
latory than in nonambulatory patients, and some of 
these adverse reactions may be alleviated if the 
patient lies down. 

Other adverse reactions include euphoria, dys- 
phoria, constipation, skin rash and pruritus 

DOSAGE AND ADMINISTRATION Dosage should be 
adjusted according to the severity of the pain and 
the response of the patient. It may occasionally be 
necessary to exceed the usual dosage recom- 
mended below in cases of more severe pain or in 
those patients who have become tolerant to the 
analgesic effect of narcotics. PERCOCET®-5 is given 
orally. The usual adult dose is one tablet every 6 
hours as needed for pain 

DRUG INTERACTIONS The CNS depressant effects 
of PERCOCET®-5 may be additive with that of other 
CNS depressants. See WARNINGS. 
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PERCOCET® is an Endo registered U.S. trademark 
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FOR MODERATE TO MODERATELY SEVERE PAIN 


Acetaminophen 
with the narcotic 
difference 


Reliable oral narcotic analgesia... 


The narcotic component in PERCOCET *-5 is 
oxycodone, which provides dependable oral anal- 
gesia, rapid action and is well absorbed, retaining at 
least half of its analgesic activity when administered 
orally. Oxycodone can produce drug dependence 
of the morphine type and should be prescribed with 
the same degree of caution appropriate to the use 
of other narcotic-containing medications. 
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... aspirin free 


Acetaminophen is a non-narcotic analgesic 
widely used for aspirin-sensitive patients. Equivalent 
to aspirin in analgesia, it complements the pain relief 
provided by oxycodone. 

The usual dose of PERCOCET * 5 is one 
tablet every six hours, providing convenience and 
economy for your patients. PERCOCET * 5 is ideally 
suited for your patients with aspirin sensitivity, 
with hemostatic disturbance, with peptic ulcer or on 
anticoagulation therapy. 


Tablets 


Percoce 


each scored tablet contains 5 mg oxycodone HC! 
(WARNING: may be habit forming) and 325 mg 
acetaminophen 
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-When aspirin is 
contraindicated. 
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Occluding Technique 





Versatility plus Design for 
unequaled performance 


Weck Window 








Versatility... 


the kind the Pistol Grip Applier, alone, gives with 
its four-position tip—adjusts right, left, up, or 
down. It’s an aid to accurate clip placement, even 
in the most hard-to-reach areas. Versatility overall, 
there are 24 different Hemoclip"Appliers to best 
suit the operative procedure. ; 
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Small Medium 


Design... 


the way these annealed tantalum clips are pre- 
formed with unique shoulders, distributing closing 
pressure evenly. Precise tip-to-tip closure is at- 
tained, distal segments closing first, to encompass 
all ofthe vessel. Designed to hold securely, optimal 
grooves (0.007 mm. deep) on the inside of the clip 
allow dispersion of tissue without harmful crushing. 
Edges of the clip are smooth and round to prevent 
snagging or irritation on adjacent tissue. 


And the Medium Large (ML) clip—its “in-between” . 
size offers greater versatility. Appendectomy, cho- 
lecystectomy, nephrectomy, saphenous vein liga- 
tion, splenectomy, and rectal polyp are among the 
surgical procedures for which this new size may 
be used. 
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Medium Large Large 


Design for performance isalso evident in Hemoclip® 
appliers—in their distinctively slim jaws, but es- 
pecially in the exclusive "Weck Window? This 
subtle feature allows the Hemoclip*occluding clip 
to extend to a complete closure at the proximal 
end, unlike other clips. No gap is left in the clip 
for possible vessel leakage. The same Weck thor- 
oughness extends through the entire Hemoclip^ 
System. 





Unequaled performance: over 10 million clips used yearly... 
documented use in nearly 50 different surgical procedures. 
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Clinical evidence of 
effectiveness in 
studies of 109 
hospitalized patients" 


Employing objective observations <4. 
by nurse-monitors, two double- 
blind hospital studies of hypnotic 
effectiveness evaluated 57 orthope- 
dic patients, most postsurgical and 
52 other postsurgical patients? with 
insomnia. Studies used similar pro- 
tocols of one nonmedication base- 
line night followed by seven nights 
of randomly-assigned Dalmane 
(flurazepam HCl) or matching pla- 
cebo. Dalmane was superior in 
reducing sleep induction time and 
nighttime awakenings and in pro- 
longing sleep.* 


*When insomnia is caused by pain, appropriate anal- 
gesic therapy is the treatment of choice. Should the 
insomnia persist after the pain is relieved, consider 
Dalmane (flurazepam HCI). 





Confirmed by patients’ 
subjective assessment * 


The overwhelming majority of patients 
concurred with the monitor's objective reports: 
those receiving Dalmane reported on morning 
questionnaires that, on average, they fell asleep 
faster, awakened fewer times and slept longer 
than patients taking placebo." 


Please see following page for a summary 
of product information. 


well tolerated,’ 


warfarin” 


fluctuation in prothrombi 
been reported in patients 
warfarin therapy.** The u 


with impaired renal or he 


dizziness or ataxia. 





Relatively safe and 


even for patients on 


Dalmane is generally well tolerated 
and relatively safe. Morning “hang- 
over” is infrequent. No unacceptable 


n time has 
on chronic 
sual precau- 


tions should be observed in patients 


patic func- 


tion; in the elderly and debilitated, 
initial dosage should be limited to 
15 mg to help preclude oversedation, 


All-night relief of postsurgical 
insomnia...proved in practice 


Dalmane 
flurazepam HC] 


one A.s. 


One 30-mg capsule /r.s.—usual adult dosage 
(15 mg may suffice in some patients). 

One 15-mg capsule /1.s.—initial dosage for 
elderly or debilitated patients. 


. Proven relief for postsurgical 
insomnia without repeating 
or increasing dosage 


Dalmane 


flurazepam HCI) & 





Please see previous pages for study protocol. 


And also... 

Objectively proved in the 
sleep research laboratory: 
m Sleep within 17 minutes, 
on average 
E Sleep for 7 to 8 hours, 
on average 
B Sleep with fewer nighttime 
awakenings 
m Continued effectiveness 
over 28 consecutive nights 
of administration 


Before prescribing Dalmane (flurazepam 
HCI), please consult complete product 
information, a summary of which follows: 
Indications: Effective in all types of insom- 
nia characterized by difficulty in falling 
asleep, frequent nocturnal awakenings and/ 
or early morning awakening; in patients 
with recurring insomnia or poor sleeping 
habits; in acute or chronic medical situa- 
tions requiring restful sleep. Since insomnia 
is often transient and intermittent, pro- 


longed administration is generally not neces- 


sary or recommended. 

Contraindications: Known hypersensitivity 
to flurazepam HCl. 

Warnings: Caution patients about possible 
combined effects with alcohol and other 
CNS depressants. Caution against hazard- 
ous occupations requiring complete mental 


alertness (e.g., operating machinery, driving). 


Usage in Pregnancy: Several studies 
of minor tranquilizers (chlordiaze- 
poxide, diazepam, and meprobamate) 
suggest increased risk of congenital 
ormations during the first trimes- 
ter of pregnancy. Dalmane, a benzo- 
diazepine, has not been studied ade- 
quately to determine whether it may 
be associated with such an increased 
risk. Because use of these drugs is 
rarely a matter of urgency, their use 
during this period should almost al- 
ways be avoided. Consider possibility 
of pregnancy when instituting therapy; 
advise patients to discuss therapy if 
they intend to or do become pregnant. 
Not recommended for use in persons under 
15 years of age. Though physical and psy- 
chological dependence have not been 
reported on recommended doses, use cau- 
tion in administering to addiction-prone 
individuals or those who might increase 
dosage. 
Precautions: In elderly and debilitated, limit 
initial dosage to 15 mg to preclude over- 
sedation, dizziness and/or ataxia. Consider 
otential additive effects with other hypnot- 
ics or CNS depressants. Employ usual pre- 
cautions in patients who are severely 
depressed, or with latent depression or sui- 
cidal tendencies. Periodic blood counts and 
liver and kidney function tests are advised 
during repeated therapy. Observe usual pre- 
cautions in presence of impaired renal or 
hepatic function. 
Adverse Reactions: Dizziness, drowsiness, 
lightheadedness, staggering, ataxia and fall- 
ing have occurred, particucichy in elderly or 
debilitated patients. Severe sedation, leth- 
argy, disorientation and coma, probably 
indic. 


ative of drug intolerance or overdosage, 


One 30-mg capsule h.s.— usual adult dosage 
(15 mg may suffice in some patients). 

One 15-mg capsule h.s.— initial dosage for 
elderly or debilitated patients. 


have been reported. Also reported: head- 
ache, heartburn, upset stomach, nausea, 
vomiting, diarrhea, constipation, GI pain, 
nervousness, talkativeness, apprehension, 
irritability, weakness, palpitations, chest 
pains, body and joint pains and GU com- 
plaints. There have also been rare occur- 
rences of leukopenia, granulocytopenia, 
sweating, flushes, difficulty in focusing, 
blurred vision, burning eyes, faintness, 
hypotension, shortness of breath, pruritus, 
skin rash, dry mouth, bitter taste, excessive 
salivation, anorexia, euphoria, depression, 
slurred speech, confusion, restlessness, hal- 
lucinations, paradoxical reactions, e.g., 
excitement, stimulation and hyperactivity, 
and elevated SGOT, SGPT, total and direct 
bilirubins and alkaline phosphatase. 
Dosage: Individualize for maximum benefi- 
cial effect. Adults: 30 mg usual dosage; 15 
mg may suffice in some patients. Elderly or 
debilitated patients: 15 mg initially until 
response is determined. 

Supplied: Capsules containing 15 mg or 30 
mg flurazepam HCl. 
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Renal Decapsulation in the Prevention of 


The delayed onset of anuria/oliguria in acute tubular necrosis 
has been theorized to represent a complicating compart- 
ment syndrome, i.e., parenchymal swelling within an unyield- 
ing capsule. To test this proposition, 12 monkeys had suprare- 
nal aortic cross-clamping, followed by unilateral renal decap- 
sulation to create an experimental as well as a control 
kidney unit in the same animal. Histologic examination uni- 
formly confirmed tubular necrosis at death or sacrifice. Subse- 
quent split renal function studies (creatinine, urea, and free 
water clearances) indicated significantly greater maintenance 
of renal function by the decapsulated kidney than by its 
paired control. Clinical evaluation in 21 hemorrhagic shock 
patients, with the capsule of one kidney stripped, revealed on 
follow-up that 15 developed a renal failure consistent with 
acute tubular necrosis. Although three patients with polyuric 
failure died before split studies could be run and two others 
have been too recent for computer analysis to have been 
completed, nine of the remaining ten had significantly greater 
renal plasma flows (194 versus 121 ml/min M^, p < .01) and 
significantly greater urine flows (.99 versus .18 ml/min M^, 
p< .01) on the decapsulated side than on the control, as 
determined by differential renal scans. No significant difference 
in these same lateralized renal functions was noted in the 
tenth patient with renal failure and in the six survivors without 
renal failure. Renal decapsulation as prophylaxis reduced the 
anticipated incidence of oliguria/anuria from an expected 75% 
to 7% (p< .01) in these 21 shock patients. Such data sug- 
gest that delayed renal ischemia, possibly based on a com- 
partment syndrome, may be the cause for a progression of 
acute tubular necrosis from polyuria to oliguria and then to 
anuria. 


OST-TRAUMATIC ACUTE TUBULAR necrosis can ap- 
propriately be described as a disease of numbers. 
Since the lesion on histologic examination appears to 
be either present or absent, with few valid criteria of 
gradations between, pathologists can seldom be relied 
upon to accurately quantitate the degenerative process. 
Instead, severity of damage must be based almost en- 
tirely on some battery of so-called renal function tests. 
These describe the degree of renal injury in terms of 
finite numbers i.e., renal blood flow, glomerular filtra- 
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* Reprint requests: H. Harlan Stone, M.D., Emory University 
School of Medicine, 69 Butler St., S.E., Atlanta, Georgia, 30303. 
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Post-ischemic Oliguria 
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tion rates according to clearance of creatinine or some 
foreign compound, and measurements of tubular excre- 
tion, absorption, or transport.* The result of each deter- 
mination is then duly recorded as a number. 

Still, despite all of these detailed renal function 
studies and despite generously equipped and intel- 
ligently staffed kidney failure units, acute tubular 
necrosis remains one of the most common causes of 
death following hypovolemic shock.?* To date, only ef- 
forts at limiting the duration and depth of precipitating 
shock have appeared to reduce to any significant degree 
the incidence of this dreaded complication. Such 
measures have primarily centered about more energetic 
fluid therapy and earlier operation to arrest the hemor- 
rhage. Certain other forms of treatment, supposedly 
both specific and adjunctive, have also been tried, e.g., 
diuretics, steroids, etc; yet there is no general agree- 
ment as to how they work or even as to whether they 
are actually of any benefit.?5-19.12.17.28 

Decapsulation of the kidney for bilateral cortical 
necrosis has been used sporatically during the past 
century with somewhat indifferent results.!?:19-162123.— 
2429 Nevertheless, the all too frequent progression from 
polyuria on the first and second postoperative days, to 
oliguria, and then to anuria by the fourth to sixth day 
does indeed mimic the course of events noted in a 
typical compartment syndrome, i.e., parenchymal 
swelling within a non-yielding envelope of bone and/or 
fascia.” Because of this continually recurring lethal 
complication and yet our admitted inability to reverse 
the trend toward deterioration in renal function, it was 
deemed worthwhile to evaluate once again the pos- 
sibility that anuria due to acute tubular necrosis might 
be a late and even avoidable stage of an otherwise self- 
limited polyuric state. 

Three phases of study were involved: 1) a retro- 
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TABLE 1. Mortality of Acute Renal Failure (Grady 
Memorial Hospital 1970-1974) 








Number Died Mortality 
Traumatic Shock 42 33 78.6% 
General Surgery 76 19 25.0% 
Medicine* 1010 249 24.7% 
Nephrology ICU 111 34 30.6% 
Other Services 316 51 16.1% 
Total 1555 386 24.8% 





* Numbers somewhat inflated by the introduction of the problem 
oriented record on the Medical Service in 1972. 


spective and somewhat superficial review of cases of 
acute renal failure at Grady Memorial Hospital; 2) a 
series of controlled laboratory experiments using 
monkeys as the test subjects; and 3) a clinical applica- 
tion of the evolved principles, should the animal work 
be productive, in a set of appropriately selected pa- 
tients. 


Retrospective Case Review 


Over the five year period from 1970 thru 1974, acute 
renal failure was listed on the patient code-out sheet 
1555 times (Table 1). The 386 deaths in this group 
produced an overall mortality of 24.8%. However, 
those individuals whose renal failure developed as a 
consequence of trauma had a mortality rate of 78.6%, 
a figure more than three times that for any other 
general category. 

More detailed analysis of those patients acquiring 
acute tubular necrosis on the surgical services, thereby 
including both the elective surgery wards as well as 
instances secondary to traumatic shock, demonstrated 
that anuria carried the highest mortality of all, i.e., 
95% (Table 2). Polyuria, on the other hand, was as- 
sociated with only a 10% mortality rate. 

Anuria occurred just once after the sixth post- 
operative or post-trauma day (Table 3). By contrast, 
polyuria was usually present from the first day of injury 
or the day of surgery; yet seldom was the diagnosis 
of renal failure made until four or five additional days 
had passed. Cases of oliguria seemed to fall into an 
intermediate area between the two extremes. The 
overall pattern, nevertheless, suggested that a progres- 
sion of the same lesion might well account for the dif- 
ferences in severity and in date of onset. 


TABLE 2. Mortality of Acute Renal Failure 
(Surgical Service 1970-1974) 





Least 24-Hour Output Number Died Mortality 
Polyuria (>500 ml) 29 3 10% 
Oliguria (100—500 ml) 68 29 43% 


Anuria (<100 ml) 21 20 95% 
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TABLE 3. Onset of Acute Renal Failure 
(Surgical Service 1970—1974) 


Hospital Day 
Diagnosis Made 
Least-24-Hour ———————— 
Output <4 4-6 >6 


Anuria (<100 ml) 13 7 1 
Oliguria (100—500 ml) 9 4l 18 
Polyuria (7500 ml) — 12 17 





Since the mortality of anuria was essentially nine- 
fold greater than that for polyuric renal failure, and 
since worsening of kidney function appeared to take 
place with the same degree of regularity during the 
first week following injury, efforts directed at preven- 
tion of such a decline might well be rewarded if the 
responsible event were to be specifically identified and 
controlled. Accordingly, creation of similar conditions 
in a near-human experimental animal seemed to repre- 
sent the next logical step. 


Animal Studies 


Under intravenous ketamine anesthesia and con- 
trolled ventilation, 12 adult rhesus monkeys were sub- 
jected to transabdominal cross-clamping of the suprare- 
nal aorta (Fig. 1). Strict aseptic precautions were used 
throughout. Prior to clamping the aorta, both kidneys 
were exposed to assure gross bilateral normality; and 
then the respective renal arterial pedicles were isolated 
for blood flow determinations (square wave flow probes 
and flow meter). In addition, an intra-arterial cannula 
was inserted at the aortic bifurcation in order to allow 
direct recording of aortic pressures. Base line measure- 
ments were next taken as were venous blood samples 
for determinations of serum electrolytes (sodium, po- 
tassium, chloride, and carbon dioxide combining 
power), blood urea nitrogen and serum creatinine. The 
suprarenal aorta was then occluded for periods of 
five to 15 minutes. Repeat determinations of individual 
renal artery flows as well as infrarenal aortic pressures 
were made during cross-clamping and at one, five, 
and/or 15 minutes after release of the clamp. The 
capsule of one kidney, usually the left, was incised 
and stripped medially. Once again, renal blood flows 
and aortic pressures were measured. Upon completion 
of these readings, the midline abdominal incision was 
closed with a single suture of 2-0 prolene, as was the 
skin. 

One animal served as a control; for, instead of under- 
going cross-clamping of the suprarenal aorta, the clamp 
was placed just below the renal take-offs. Otherwise, 
all details in the experimental procedure were the same 
as with the original 12 monkeys. 


Vol. 186 e No. 3 


PRE-CLAMP 


Fic. 1. Monkey model for 
study of renal decapsula- 
tion: Renal blood flows and Renal Blood Flow 


aortic cross-clamping the . 
suprarenal abdominal aorta. 12.1 miI/Kg/min 
(9.2 - 14.3) 






Aortic Blood Pressure 


98/- mmHg 
(IO2 - 82/-) 


Postoperatively, all animals were given water, 
standard monkey chow, and fresh fruit as desired. 
However, troublesome hypothermia demanded use of 
heat lamps in several of the animals whose procedures 
had run for more than 90 minutes. 

The nine long term survivors among the experi- 
mentals and the single control animal were restudied at 
eight to 27 days later. Ketamine anesthesia, con- 
trolled ventilation, and sterile precautions were em- 
ployed as before. Venous blood specimens were also 
taken for follow-up determinations of serum electro- 
lytes, creatinine, and blood urea nitrogen. The previ- 
ously used incision was reopened; both kidneys were 
inspected; and then each ureter was isolated, divided, 
and cannulated for controlled urine collection. Two of 
these ten monkeys, not included in subsequent func- 
tion studies, had injury to a scarred kidney pedicle 
during vessel isolation for determination of renal blood 
flow and thus could no longer be considered to 
represent reliable preparations. It was for this same 
reason that follow-up renal blood flow determinations 
were not even attempted in the remaining eight animals. 

Under the controlled conditions thus provided, a two 
tofour hour collection of urine was taken for determina- 
tion of creatinine, urea, and free water clearances on 
a split function basis. Measurement of clearances for 
sodium and potassium had also been planned, but the 
small volumes of urine produced by the kidney with 
an intact capsule prohibited such additional tests. 

At completion of the urine collections, all animals 
were sacrificed by means of an intravenous bolus of 
concentrated potassium chloride. Gross and histologic 
examinations were then performed on each kidney, 
as well as on the kidneys of those monkeys dying 
prior to this second laparotomy. 


RENAL DECAPSULATION 






Cross- clamping of B aorta 


I 
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CLAMPED DECLAMPED 
L9 mi/Kg/min 12.2 ml/Kg/min 
(1-2.4) (9.4 - 14.4) 





2/- mmHg 
(4-1/-) 


94/- mm Hg 
(98-76/-) 


Animal Study Results 


On cross-clamping of the suprarenal abdominal 
aorta, average arterial blood pressures below that point 
fell from 98 mm Hg to 2 mm Hg systolic (Fig. 1). On 
declamping, pressures immediately increased to 80 mm 
Hg and eventually were maintained at 94 mm Hg. Renal 
blood flows paralleled these changes, with an average 
of 12.1 ml/kg/min before clamping, down to 1.9 ml/kg/ 
min or 16% of the initial value during occlusion, and 
then back up to 12.1 ml/kg/min after release of the 
clamp. The one animal whose aorta had been cross- 
clamped below the renal arteries had similar blood 
pressure fluctuations, but no such alterations in renal 
blood flow. 

Two monkeys with 55 minute occlusion times and 
one with a 45 minute clamping failed to survive the 
immediate post-operative phase. Hypothermia and un- 
explained recurrent shock appeared to be the causes 
for death. An autopsy on each revealed no other 
reason. 

Eight of the nine long term survivors among the 
experimentals had no significant changes in serum 
electrolytes, serum creatinine, or blood urea nitrogen. 
The ninth, a monkey that had been subjected to 45 
minutes of aortic occlusion, did have normal serum 
electrolytes, but definite elevations were noted in both 
serum creatinine and in the blood urea nitrogen. 

Split ureteral function studies demonstrated signifi- 
cant differences (P < .01) for clearance of creatinine, 
urea, and free water (Fig. 2). The average value for 
each on the decapsulated side (2.42, 0.86, and 6.34 
ml/kg/min, respectively) was more than triple that for 
the control kidney (0.57, 0.17, and 1.93 ml/kg/min, 
respectively). 
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Clearances (ml/min/kg) 
A^ 


Urea 


Creatinine 


Gross pathologic examination revealed that the de- 
capsulated kidney appeared relatively normal if sub- 
jected to less than 45 minutes of reduced perfusion 
(Table 4). However, each of the kidneys with an intact 
capsule was either smaller than its contralateral partner 
or obviously atrophic. These gross changes correlated 
well with the results of a comparison of individual 
creatinine clearances to what had been published as 
the accepted norm. 

Findings of acute tubular necrosis with varying 
degrees of glomerular degeneration were present on 
histologic study of the kidneys from each of the 
experimental animals. Among the several examiners, 


TABLE 4. Renal Decapsulation in Monkeys 


Gross Pathology Renal Function 





Animal 
(num-  Ischemia Experi- Experi- 
ber) Time Control mental Control mental 
1 iS min atrophic normal 0 normal 
10 15 min small normal 30%* normal 
2 25 min atrophic normal — — 
11 25 min atrophic normal 10%* normal 
12 25 min small normal 20%* normal 
3 35 min small normal 30%* normal 
7 35 min small normal 10%* 70%* 
9 35min atrophic normal — — 
4 45 min atrophic small 10%* 30%* 
6 45min Died acutely — — 
5 55 min Died acutely — — 
8 SS min Died acutely — — 





* On comparison to normal values for creatinine clearance as 
cited by Pichering and Sussman.” 
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| Range of Values Fic. 2. Comparative renal 


clearances of creatinine, 
urea, and free water in 
the rhesus monkey follow- 
ing suprarenal aortic oc- 
clusion and unilateral kid- 
ney decapsulation. 





3 Decapsulated Kidney 


Capsule intact 


however, there was no absolute agreement as to 
whether the two sides had similar extents of involve- 
ment or whether the decapsulated kidney was de- 
cidedly less distorted. 

The single control animal that had aortic clamping 
below the renal arteries had no significant deviation 
from pre-study figures of the serum electrolytes, serum 
creatinine, blood urea nitrogen, and clearances of 
creatinine, urea, and free water. In addition, gross 
and microscopic examination of its kidneys revealed 
no overt abnormalities. 


Clinical Study 


Because of the documented benefits of renal decap- 
sulation in the monkey experiencing an acute reduc- 
tion in both renal perfusion as well as in renal 
perfusion pressure, a clinical trial was deemed to be 
appropriate. However, strict criteria were set in order 
that the variables might be kept to a minimum. In ad- 
dition, clinical data needed to define the shock state 
itself had to be immediately at hand. 


Criteria 


Patients considered to represent potential candidates 
for the study were individuals who had been admitted 
in shock as emergencies to the Trauma Service of 
Grady Memorial Hospital. Seven specific criteria for 
patient inclusion had to have been satisfied before 
renal decapsulation could be considered. These were: 
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1) Shock unquestionably due to hemorrhagic hypovo- 
lemia. 

2) Duration and/or depth of shock to be of sufficient 
magnitude to make post-ischemic acute tubular 
necrosis an almost certain complication, that is: 

a. profound shock (blood pressure 40/0) for % hour, 
or 

b. moderate shock (blood pressure 60/40) for one 
hour, or 

c. mild shock (blood pressure 80/60) for two hours. 

3) A significantly massive pre-operative and intra- 
operative fluid replacement volume, that is: 

a. volume of blood equal to or greater than normal 
blood volume, or 

b. total fluid repletion volume of at least twice the 
normal blood volume. 

4) Emergency abdominal exploration already required 
for treatment of shock. 

5) Both kidneys present and grossly normal on inspec- 
tion at the time of laparotomy. 

6) Absence of any signs of established peritoneal 
sepsis, even though contamination by bowel con- 
tents has occurred. 

7) No overt bleeding diathesis. 


Once selected, the patient could receive no diuretic 
agents either at operation or during the immediate 
post-operative course. Otherwise, appropriate man- 
agement for all injuries was rendered; and measures 
considered to be routine forms of post-operative sup- 
port were given. As a general rule, all patients were 
observed in the surgical intensive care unit for at 
least five days following operation until it appeared 
certain that the major organ systems had stabilized. 


Technique of Decapsulation 


The kidney selected for decapsulation was usually 
the one that had been exposed during abdominal ex- 
ploration or was the more easily reached through that 
particular surgical incision. Most commonly, this was 
on the right. After mobilization of the lateral border, 
a small nick was made in the capsule at its most 
lateral extreme, care being taken not to incise the 
cortex proper (Fig. 3A). Next, a mosquito forcep was 
slipped beneath the capsule so as to elevate it from 
the parenchyma below (Fig. 3B). Then the capsule was 
slit from pole to pole along its lateral convexity 
(Fig. 3C). Finally, the free edges of the capsule were 
grasped with thumb forceps and stripped medially, 
both front and back (Fig. 3D). 

Bleeding from kidney substance was a problem only 
if the cortex had been incised or the capsule had not 
been separated from the cortex prior to extending the 
cut. Nevertheless, application of a dry sponge or a 
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Fic. 3. Renal decapsulation: (A.) The capsule is incised at its 
lateral margin, care being taken not to cut the cortex below. (B.) A 
mosquito forcep is used to elevate the capsule. (C.) The capsule is cut 
from superior to inferior pole along its lateral extremity. (D.) The 
capsule is stripped medially, both in front and behind. 


piece of hemostatic gauze for several minutes con- 
sistently stopped the ooze. 

The kidney was next replaced into its rightful fossa, 
although frequently there would be a persistent tilt of 
the superior pole anteriorly. Gerota's fascia was never 
closed back over the kidney, but the reflected colon 
was routinely repositioned so as to seal off the retro- 
peritoneal space. Drains were never used, at least not 
for the area of the decapsulated kidney. 


Follow-up 


Subsequent follow-up was appropriate to the injuries 
sustained and the individual operative procedures car- 
ried out. In addition, special attention was given to: 
hourly and then daily volumes of urine produced; urine 
and serum determinations of standard electrolytes 
(sodium, potassium, chloride, and carbon dioxide com- 
bining power), creatinine, and blood urea nitrogen; cal- 
culations of creatinine clearances; and concomitant 
comparisons of serum and urine osmolarities. 

Split renal function studies were obtained at con- 
venient intervals by intravenous pyelography in all pa- 
tients, retrograde ureteral catheterization for lateral- 
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TABLE 5. Renal Decapsulation (Shock) 
Fluid resuscitation Blood average 6.2 liters 
range 2.5-12.5 
Ringer's average 4.6 liters 
range 2.5-11.0 
Blood pressure Less than 80/60 average 1.9 hours 
2] patients range 0.5-4.0 
Less than 60/40 average 1.1 hours 
16 patients range 0.5-2.0 
Less than 40/0 average 0.9 hours 
9 patients range 0.5-2.0 








ized determinations of urine osmolarity and sodium 
concentration in four patients, and differential renal 
scans with both technetium-99 and I-131 hippuran for 
calculations of individual renal plasma flows and urine 
flows, respectively, in 19 patients. Intravenous pyelo- 
grams, even if of the infusion variety, were found to 
be relatively inaccurate, so that no great emphasis was 
placed on the rapidity of opacification or dye excre- 
tion. Retrograde catheterization of the ureter imposed 
an additional hazard, plus considerable extra discom- 
fort on the patient; and thus this particular method of 
follow-up was soon abandoned. Isotopic scan, how- 
ever, was readily available and appeared to be rela- 
tively innocuous to the patient. Crude data gained 
were then transmitted to the Analytical Development 
Associates Corporation for detailed computerized 
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radio renography. This MEDNET system provided 
relatively accurate determinations of split renal plasma 
flow and urine flow. 

With respect to deaths, every attempt was made to 
obtain a full autopsy. Both gross and microscopic 
examination of the kidneys was considered to be es- 
sential in these cases. 


Results of Clinical Study 


After 14 months, only 21 patients had met the 
necessary criteria for inclusion in the study. There were 
17 blacks and four whites, 17 males and four females. 
Ages ranged from nine to 51 years with an average 
of 35.8. 

Trauma was responsible for the hemorrhagic shock 
in 20 of the 21 patients. In 14, it was due to a gunshot 
wound, blunt injury in four, and a stabbing in two. 
The final case was that of a ruptured abdominal 
aortic aneurysm. 

Severity of shock was reflected in an average of 6.2 
liters of blood and 4.6 liters of Ringer's lactate being 
used per patient for fluid resuscitation alone (Table 5). 
The duration of shock with respect to significant reduc- 
tion in blood pressure was also in line with the criteria 
previously set. Nine patients had experienced profound 
shock (blood pressure of 40/0 or less) for an average of 
0.9 hours and 16 had had a moderate shock (blood 
pressure between 40/0 and 60/40) for 1.1 hours, while 


FiG. 4a. Patient J. T.: Intra- 
venous pyelogram demon- 
strating delayed dye excre- 
tion on the left (prior right 
kidney decapsulation). 
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FiG. 4b. Patient J. T.: I-131 hippuran scan, showing impaired excre- 
tion of isotope by the left kidney (prior right kidney decapsulation). 


all 21 had sustained at least a mild shock (blood pres- 
sure no greater than 80/60) for 1.9 hours. 

There were three deaths. In one, the suture line of 
an aortic repair became infected, dehisced, and led to 
irreversible shock. The second patient, already in 
Child's class C liver failure, succumbed to hepatic in- 
sufficiency. The third death occurred late (i.e., on the 
twenty-seventh hospital day) and was due to the sudden 
onset of a shock-like state that was never fully 
understood. Autopsies in the first two patients cited 
confirmed the clinical impression as to cause of death. 
Unfortunately, post mortem examination was refused 
in the final case. 

Significant impairment in kidney function interpreted 
as a serum creatinine greater than 3 mg/100 ml and/or 
a creatinine clearance of less than 30 ml/min, could not 
be detected in six of the patients. However, each of 
the remaining 15 had classical polyuria of high output 
renal failure, with only one patient having a single 
day of supposed oliguria (327 ml of urine on the sixth 
postoperative day). This exception was believed to be 
the result of a careless collection error. Three of the 
15 patients required renal dialysis just once, while two 
others were dialyzed three and five times, respectively, 
because of the extra metabolic demand created by a 
poorly controlled sepsis. 


Split Function Studies 


Intravenous pyelography was inconsistent at show- 
ing a difference between the two kidneys when renal 
failure was known to have developed. However, never 
did the non-decapsulated side appear to opacify sooner 
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or to excrete a greater quantity of dye. When- 
ever an obvious difference was noted, the image on 
isotopic scan and the counts of isotope excreted were 
much more dramatic indications of better function by 
the decapsulated kidney (Figs. 4a-c). 

Retrograde ureteral catheters failed to collect the en- 
tire output of urine from their corresponding kidneys 
because of an unreliable fit of the catheter tip into the 
ureteric orifice. Nevertheless, urine osmolarities and 
sodium concentrations varied more appropriately with 
the state of hydration on the decapsulated side than 
with the control side (Fig. 5). Forced hydration with 
an infusion of 5% glucose in water at a rate of 200 
ml/hour produced significant differences (P — .01) in 
both sodium concentration and osmolarity within three 
hours. Subsequent water restriction created similar 
discrepancies, but in opposite directions, after a con- 
siderably longer interval of time, i.e., ten hours. 
Differential renal scans were obtained on the third to 
twenty-seventh postoperative day in 19 of the cases 
and demonstrated no variance between the two kidneys 
in six patients who had evidenced no renal impairment 
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Fic. 4c. Patient J. T.: Graph of I-131 hippuran excretion, confirming 
reduced function of the left kidney (prior right kidney decapsulation). 
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and in only one of the 13 patients with polyuric failure. 
The scans in two patients have only recently been ob- 
tained so that final analysis of their data by computer 
is still pending. However, of the ten remaining patients 
with polyuric renal failure, a significant difference (p 
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Fic. 5. Ability to vary 
sodium concentration as de- 
termined by differential ure- 
teral urine collections. The 
decapsulated kidneys be- 
haved more appropriately 
to the state of hydration 
than did the kidneys with 


€e— —e CAPSULOTOMY SIDE capsules intact (average of 


o—-—o NON-CAPSULOTOMY SIDE four patients). 


le 20 24 


WATER DEPRIVATION 


« .01) between the two kidneys was noted (Table 6). 
Renal plasma flow was 160% greater and urine flow was 
550 times greater on the decapsulated side than on the 
side with the capsule still intact. 

An immediate diuretic response to renal decapsula- 


Fic. 6a. Patient T. C.: 
Sudden onset of diuresis, 
following three hours of 
hypovolemic anuria, when 
the right renal capsule was 
removed. 
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Fic. 6b. Patient T. C.: 
Follow-up renal scan, show- 
ing reduced excretion of I- 
131 hippuran by the left 
kidney (prior right kidney 
decapsulation). 





tion was noted in only three patients, yet these were 
the same individuals who had been anuric from the 
beginning of their operation up until the time of capsule 
stripping. Not only did a dramatic flow of urine com- 
mence, but in addition the kidney parenchyma seemed 
almost to explode out of its incised capsule. Although 
decapsulation was carried out on just one side, late 
follow-up uniformly demonstrated significantly greater 
function of the kidney that had been decompressed 
surgically than that exhibited by its contralateral con- 
trol (Figs. 6a—c). 

During 1976, 18 patients underwent renal decapsula- 
tion while on the Trauma Service at Grady Memorial 
Hospital (Fig. 7). Six had no evidence of subsequent 
renal impairment, but each of the other 12 had some 
degree of polyuric failure. There was not a single 
instance of persisting oliguria or anuria among these 
patients. By contrast, non-polyuric renal failure was 
relatively common (37%) among 30 patients who, dur- 
ing the same 12 month interval, fell short of the strict 
criteria set for admission to the study, i.e., hypovole- 
mic shock not profound or long enough or sepsis also 
being present. Even more striking, however, was an 
18% incidence of anuria and a 58% incidence of oliguria 
on the entire surgical service during the five preceeding 
years. 


TABLE 6. Renal Function (10 Patients with 
Polyuric Renal Failure) 





Decapsulated Capsule p 
Kidney Intact Valve 
Renal plasma flow 
(ml/min/M?) 194 121 <.01 
Urine flow 
(ml/min/M?) .99 .18 «.01 





RENAL DECAPSULATION 35] 





$ T E 





Autopsies were obtained on two of the three patients 
who died. In both, the decapsulated kidney appeared 
healthier, i.e., grossly having a better blood supply. 
One set of kidneys was of approximately the same 
weight, while the kidney without its capsule weighed 
39% more than its contralateral mate in the second 
case. Microscopically, however, no difference in 
extent of renal injury could be proven in either pa- 
tient. 


Discussion 


There are three anatomic areas generally considered 
to be subject to the development of a compartmental 





5 IO I5 20 25 


Fic. 6c. Patient T. C.: Graph of I-131 hippuran excretion, confirming 
reduced function of the left kidney (prior right kidney decapsulation). 
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swelling syndrome. These are the intracranial cavity, 
the orbital globe as in glaucoma, and the anterior 
compartment of the leg.*:5 Other finite spaces, such as 
the posterior compartment of the leg, may on less 
frequent occasions manifest.a similar set of findings. 

The basic problem is an acute increase in volume, 
usually due to edema or hemorrhage, of the con- 
tents of a specific anatomic compartment.7:11:15:22,34 Un- 
fortunately, the wall presents an unyielding barrier of 
bone or mature fascia.7:11«1533 The end result is a reduc- 
tion in the amount of arterial flow and thus the 
creation of a secondary ischemic injury.19:20:22.26.30,32 
The same process may well occur within the renal 
capsule as a consequence of ischemia, myoglobin or 
hemoglobin excretion in the urine, or one of a multitude 
of chemical toxins .1~4:8—10-12—14,16,17,21,24,28,29 


TABLE 7. Collection Review of Renal Decapsulation 
(Modified from Abeshouse —up to 1944) 


Diagnosis Number Improved Per cent 
Acute nephritis 246 176 71.596 
Chronic nephritis 565 390 69.0% 
Acute or chronic nephritis 471 427 90.7% 
Acute pyelonephritis 112 61 54.5% 
Chronic pyelonephritis 2 2 100.0% 
Chronic perinephritis 62 62 100.0% 
Degenerative nephrosis 108 73 67.6% 
Toxic nephrosis 613 255 41.6% 
Cortical necrosis 13 4 30.8% 
Transfusion reaction 3 3 100.0% 
Non-obstructive anuria 32 26 81.3% 
Miscellaneous 80 64 80.0% 
Total 2307 1543 66.9% 
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Fic. 7. Severity of renal 
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Treatment of an impending or already established 
compartment syndrome generally includes: 1) efforts 
directed at fluid extraction or tissue excision, both 
being designed to diminish the absolute intracavitary 
volume and thus the intracavitary pressure, and 2) re- 
moval of some part of the confining wall, thereby 
allowing unrestricted swelling to take place. Diuretics, 
3,8,10,14,15,19,20,26,32,34 corticosteroids 52227 and local or 
general hypothermia?!92?! have proven to be quite 
useful in reversing cerebral edema. Direct aspiration 
of accummulated fluid may instead be the more desir- 
able course of action, as in cases of expanding intra- 
cranial hematomas or cerebrospinal fluid excess with 
hydrocephalus .‘+-15-4133 There are instances, however, 
when absolute reduction in tissue volume is preferable. - 
1533 An example of this is when temporal lobectomy 
is done for relatively massive cerebral edema. 

Decompression by elimination of a section of the 
restraining wall has been exceedingly useful in the 
prevention and early treatment of the anterior com- 
partment syndrome.’ In a similar fashion, subtemporal 
craniectomy has been performed to relieve increased 
intracranial pressure. Renal decapsulation may 
produce its beneficial effects through this same me- 
chanism whenever kidney swelling can be anticipated. 
13,21,24 

Abeshouse has detailed quite thoroughly the history of 
renal decapsulation.! Harrison did the first recorded kid- 
ney puncture in 1878; Le Dentu, the first full capsulotomy 
in 1881; and Pousson, the first true decapsulation in 
1901. A summary of the world experience with renal 
decapsulation up to 1944 has also been provided by 
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Fic. 8. Theorized steps in 
progression of polyuric 
acute tubular necrosis to 
anuric acute cortical necro- 
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Abeshouse (Table 7). He collected a total of 2307 cases. 
Some form of improvement in kidney function followed 
operation in 1543, or 66.946 of the entire group. Of the 
13 patients with renal cortical necrosis, a good response 
was obtained in only four, or 31%. Nevertheless, a 
more accurate assessment of those results was not pos- 
sible because of relatively nonspecific diagnoses, little 
in the way of objective data on renal function, and a 
somewhat limited follow-up.? In addition, a majority of 
the decapsulations performed for cortical necrosis were 
delayed until after a week of anuria had elapsed.'® 
Few animal studies have evaluated the relative 
merits of renal decapsulation. Two separate experi- 
ments in rats are somewhat conflicting, in that there 
was early benefit in preserving renal integrity in rat 
kidneys made edematous by choline deficiency, while 
the life span of rats subjected to renal ischemia was 
shortened by removal of the kidney capsule.?? The only 
other study was in pigs, where decapsulation decreased 
the amount of renin produced by an ischemic kidney.!* 
From that data presented in the above animal and 
clinical investigations, plus specific experiences with 
renal decapsulation as cited in the medical literature, 
1,2,6,13,16,21.24.29 1t would appear that removal of the resil- 
ient capsule of at least one kidney may well be indicated 
in most cases of profound hypovolemic shock due to 
intraperitoneal hemorrhage. No additional operation is 
necessary, for successful control of the bleeding has 
almost always required a formal laparotomy. Recorded 
failures in response have primarily been in those in- 


acute tubular 


polyuria—»oliguria — anuria 
necrosis 


after a week or so of anuria and thus an already well 
established renal cortical necrosis.!?/!9 Earlier inter- 
vention, that is, shortly after renal failure had been 
discovered, has given significantly better results. 1??? 
24,29 

Up until 1945, there were many strong proponents of 
renal decapsulation.?'?* However, peritoneal dialysis 
was then introduced; this was later replaced by a more 
sophisticated hemodialysis, and, accordingly, all 
thoughts of capsule stripping were eclipsed.?*7?? Like 
any other procedure, decapsulation must be used at 
the time when indicated and for a specific purpose. 
Otherwise, no real benefit should be expected. 

There is now available a considerable amount of in- 
formation to support the contention that polyuric renal 
failure may progress to oliguria and then anuria as a 
consequence of renal parenchymal swelling within its 
tough, unyielding capsule.*:??* The initial insult can be 
ischemia, a transfusion reaction, or some chemical 
toxin; yet the response of the kidney is almost 
monotonous —interstitial and intracellular edema.?*?* 
If a compartment syndrome is allowed to develop, the 
secondary ischemic injury will lead to extensive corti- 
cal necrosis (Fig. 8). At times, however, the original 
injury may have been so severe that necrosis of the 
renal cortex, intraparenchymal hemorrhage, and anuria 
are present from the outset. 

To avoid this progression of events, either kidney 
swelling must be avoided or the renal capsule removed. 
Local hypothermia and various diuretics appear to 


stances where decapsulation had been delayed until have only a transient beneficial effect.?5-19.12.1.1728 
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Fic. 9. Avoiding progres- 
sion from polyuria to anuria. 
Theorized role of kidney 
decapsulation in preven- 
tion of secondary renal 
ischemia due to compart- 
mental swelling. 
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Decapsulation, on the other hand, offers a more last- 
ing protection against development of an irreversible 
compartment syndrome. When clinical findings indi- 
cate that renal failure may well be imminent, decapsula- 
tion of at least one kidney can then permit unrestricted 
parenchymal swelling and thereby obviate a progres- 
sion of polyuric acute tubular necrosis into the anuria 
of complete cortical destruction (Fig. 9). 

There are still a large number of unanswered ques- 
tions regarding renal decapsulation. What are the long 
term effects, good or bad? Is unilateral decapsulation 
sufficient in most cases? How late can decapsulation 
be performed and yet a good response be obtained? 
However, probably the most pressing question of all is 
whether or not decapsulation should now be under- 
taken as a separate operative procedure itself in cases 
of impending or early renal failure not associated with 
abdominal surgery. 
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situation further defined here. However, there is the oliguric 
variant with a very poor prognosis, as he showed, which more 
often than not seems to be associated with infection. I wonder if he 
has been able to show, either in the laboratory or in man, the 
ability to convert the poor-prognosis, oliguric form of renal failure 
into the better polyuric form, in an individual kidney, by decapsula- 
tion applied either early or late? 
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Dr. Harris B. SHUMACKER, JR. (Indianapolis, Indiana): I want 
to make a few remarks which, though related, deal primarily with 
a more general problem. I refer to the value and, more particularly, 
the limitations of animal experimentation. 

It has long been apparent that if one can set up a reliable 
animal model, one can often perform well-controlled studies which 
may add much to our understanding of organ and body physiology 
and disordered states resulting from disease and injury. One must, 
however, recognize that species differences may entirely negate the 
results of such efforts. 

Some years back, when Dr. Bounous and I were interested in 
kidneys, hypertension, stenotic arteries, and related problems, we 
reported studies in which decapsulation of the kidneys of many 
dogs was performed. In each one there quickly developed the most 
unbelievably thick scar about the entire kidney, often a centimeter 
or more in thickness, and associated hypertension. If one gave the 
experimental group antihistaminics after decapsulation, in sharp con- 
trast, the laying down of a thin, delicate new capsule occurred, and, 
of course, no hypertension. 

Since the authors, apparently, did not note any such occurrences 
either in the rhesus monkey or in man, this, then, is another 
example of the total unsuitability of the dog as a species for 
interpreting certain experiments performed upon them, as indicative 
of being valid for man. 


PRESIDENT WELCH: Dr. Stone, is it possible to show that by 
scanning techniques the kidney actually has enlarged after decap- 
sulation? 
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DR. H. HARLAN STONE (Closing discussion): I was a little worried 
about how this would be accepted. In fact, it had been suggested 
that I was setting surgery back 50 years. 

I think that these procedures were carried out in the past at the 
wrong time or in the wrong way, and subsequently the same 
procedure under different circumstances has proven to be quite 
beneficial. The same appears to be true in regard to responses of 
patients who had undergone decapsulation for various reasons. 

In regard to Dr. Polk's comments, I was a little uncertain as to 
the diagnosis in some of these previously reported patients, the 
true diagnosis as well as the time that decapsulation was per- 
formed. Most seemed to be more of the order of testimonials. 

We did note that three patients who were anuric on the operating 
table did suddenly begin producing urine once we had performed a 
decapsulation. The delayed procedure is an interesting thought, and 
we have considered looking at this in the future in a few selected 
patients as well as in some monkeys. 

Secondly, I appreciate Dr. Shumacker's kind comments. We had 
noted his work with the dog, and that is why we chose the monkey 
for our controls. We wanted to do more with the rhesus monkey, 
but they have become very expensive animals. The cost has now 
gone up to $600 or so for each. 

Finally, Dr. Welch, in regard to your question, one can get some 
idea on scan as to the size of the kidney. However, usually the 
decapsulated kidney has been placed back at a little tilt, so it 
always looks somewhat smaller in area, than the opposite side. 
Nevertheless, it almost always has more counts. 


Screening for Breast Cancer 


DIMITRIOS PANOUSSOPOULOS, M.D., JOSEPH CHANG, 


Mammography is of real assistance to the surgeon in evaluating 
breast problems not associted with a breast mass. Use of 
mammography in the detection of early breast cancer in 
breast demonstration projects has brought forth the time 
honored value judgement of benefit vs risk. This report intro- 
duces an additional aspect in the consideration of benefit vs 
risk, the interval cancer. From the demonstration project at 
KUMC, 326 biopsies were performed and 65 proved to be 
cancer. However, 24 additional women developed cancer be- 
fore their next recommended screening date. This reduces the 
accuracy of mammography and physical examination by 
trained nurses in screening for breast cancer to 73%. 


AMMOGRAPHY HAS CONTRIBUTED greatly in de- 
tecting breast cancer during the last two decades 
and is considered the most efficient diagnostic tool 
for this purpose. As high as 90-99% accuracy has 
been claimed by various investigators; furthermore 
Wolfe? advocates the use of mammography in assess- 
ing the risk of breast cancer. 
Recent controversy surged over the benefit vs the 
risk of mammography for asymptomatic women under 
the age of 50. Repeated mammography in young 
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women, and multiple fluoroscopies, have been con- 
sidered potentially carcinogenic.?~4 

Overlooked in this controversy is the "interval 
cancer", the cancer which developed during the inter- 
val between visits to the detection center. Hence this 
report attempts to bring into focus the accuracy of^ 
mammography and the physical examination per- 
formed by trained nurses in detection of early breast 
cancer. 


Patients and Methods 


Ten thousand asymptomatic women volunteers, of 
varying age, between 38 and 78 years, have been 
screened in the Breast Detection Center at K.U.M.C. 

The screening program involved three modalities: 
1) Physical examination, performed by nurse-clinicians 
especially trained for this purpose, 2) Mammography, 
3) Thermography. 

In this study an ‘‘interval cancer'' is defined as the 
cancer that developed or was recognized after a nega- 
tive screening visit of the patient and prior to the rec- 
ommended subsequent examination. 
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TABLE 1. Data From Women Screened in Demonstration Project of 326 Biopsies Performed 





Positive Mammography 
Biopsies Only 
Number 65 44 
Per cent 19.9 67.6 
Total number of women screened 10,000 
Number of biopsies recommended 536 5.36% 
Number of biopsies performed 326 3.26% of Total 
60% of Recom. 


Non-interval cancer is defined as the lesion which 
was detected by one of the three modalities men- 
tioned above or any combination of these modalities. 

The breast size has been classified into small, me- 
dium and large by measuring the lateral and cranio- 
caudal diameters of the breast in cm (from the mammo- 
graphic views). Therefore, if the two diameters (cranio- 
caudal x lateral) were between 5-8 cm, the size was 
designated as small, 8— 10 cm equals medium, and more 
than 10 cm equals large. 

The family history, age, past medical history, body 
weight and breast size have been considered in com- 
paring the interval and noninterval patients in this 
study. 


Results 


From the total patient population of 10,000 women, 
536 patients have been recommended for breast biopsy. 
However, only 326 biopsies were performed. Of these, 
65 patients proved to have a positive biopsy and 
the patients were submitted to mastectomy (these 
represent the non-interval patients as depicted in 
Table 1). 

Forty-five biopsies out of 65 patients were recom- 
mended purely on mammographic findings only and 19 
other cases on a combination of mammographic and 
physical examination. Therefore, in terms of per- 
centages, 63 out of 65 cancers were diagnosed by 
mammography with an accuracy rate of 97%. Physi- 
cal examination performed by trained nurses produced 
21 out of the 65 cases with cancer accounting for a 
32% accuracy. 

The number of interval cancers totals 24. Therefore 
with a total of 89 positive biopsies, 26.9% (24) were 
cancers. Simple mathematics shows that this reduces 
the mammographic accuracy for detection of early 
breast cancer to 73%. 

The two groups, interval and non-interval cancer 
cases, are compared with respect to the family history 
(Table 2). As can be seen the family history is not 
significantly different between the groups but inter- 





Recommendation Based on: 











MAM/PHY + P. Ex. P. Exam MAM/PHY and P. Ex. 
Only Only Combined-Total 
19 2 63 
29.2 3.0 97 





estingly as high as 50% and 63% positive family history 
in each group respectively is found. 

As is to be seen in Table 3, the mean age of women 
who belong in the group of interval cancers is slightly 


_ younger than those in the group of non-interval cases. 


The body weight and the breast size made little dif- 
ference. As seen in the data (Table 4) eight out of 24 
(33.3%) interval cancers were 50 years of age or younger, 
whereas in the noninterval cases the percentage was 
26.9% (17 of 65 cases). 

Women taking estrogens represent 33.3% of the 
interval cases and only 16.9% of the non-interval 
ones (Table 5). History of a previous biopsy or mas- 
tectomy in the interval group appeared frequently, 
accounting for 16.6 and 12.5% respectively. 


Discussion 


This study has been conducted to illustrate an over- 
looked problem in screening for breast cancer. The 
data do not reflect on the importance of mammography 
for high risk and symptomatic patients. However, these 
data on the interval cancer must be scrutinized in 
considering the risk vs the benefit of mammographic 
screening." 

Thus in this screening project almost one-third of 
the patients with breast cancer (interval cancer) were 
not detected. On the other hand, these 24 cases do 
not detract from the benefit realized by the 73% who 
were diagnosed by mammography; these patients have 
a survival rate as high as 95%.* 


TABLE 2. Correlation of Interval and Non-interval 
Breast Cancer with Family History 








Non- 
Interval Interval 
Pts. Pts. Total 
Family ——— ——— 
History * 96 * 06 * % 
Any cancer 7 29.1 26 40 33. 37 
Breast cancer 5 20.8 15 23 20 224 
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TABLE 3. Characteristics of Interval and Non-interval Cases 
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Age in Years 
No. of Pts. Range 
Non-interval pts. 65 38-78 
Interval pts. 24 39-74 
Total 89 38-78 


Mean 


58.04 
55.29 
57.30 


Body Wt. in Lb. Breast Size 
Range Mean S M E 
105-300 149.52 19* 30 20 
118-215 159.41 6 9 9 
105—300 152.19 25* 39 29 





* See text for definition. 


While the screening process missed almost one-third 
of the positive cases, of the total number of 10,000 
women seen in the center, less than one per cent 
(0.3%) were missed. Hence the diagnostic value of 
the screening program is quite remarkable. 

At the same time the doctor and the patient must 
be cognizant of the fact that the screening program 
is not an absolute guarantee for detecting early breast 
cancers. Self examination must be practised by the 
patient and any suspicious findings or any symptoms 
should prompt a visit to the doctor. 

Finally it is interesting to note that in comparing 
the interval and non-interval cancers, women on estro- 
gen therapy have a greater incidence rate of breast 
cancer. Therefore, this group of cases should receive 
special scrutiny in the screening process. These data 
seem to indicate that the results of screening could 


be improved if serious consideration were given to the 
above by the staff performing the physical examination. 

Furthermore, the accuracy of physical examination 
and mammography would have been enhanced if the 
8 of 24 interval cases (Table 4 with asterisks) reported 
as benign mass and/or thickening, had been sent for 
biopsy and if the five with nodularity, on mammo- 
grams, had been sent for verification by a physician. 


Summary 


In general, mammography is of great value for the 
surgeon and high risk patient. In this screening pro- 
gram, almost one-third of cancers were missed, but as 
such, these interval cancers do not detract from the 
benefit accured to those patients whose cancers were 
detected by screening methods. 


TABLE 4. Pertinent Data in Interval Cancer Patients 








Interval Lymph Nodes 
Pt. # Age Mammo/P.E. Phys. Exam F.H. (Months) + 
1 66 Suspicious mass Nodularity — 10 —* 
2 42 Normal Nodularity — 3 —* 
3 50 Well defined mass Benign mass + 8 —t 
4 52 Normal Nodularity + 4 —* 
5 46 Benign small mass Benign mass — 1 —t 
6 58 Multiple small masses Thickening, mass + S 3/15t 
7 46 Punctate calcification Nodularity — 6 —* 
8 54 Ill defined mass Multiple masses + 9 —t 
9 62 Ill defined mass Normal — 10 — 
10 48 Normal Multiple masses + 8 —t 
11 49 Multiple small masses Multiple masses — 10 —* 
12 39 Normal Mass and thickening — 1 —t 
13 70 Ring calcification Normal — 2 — 
14 57 Benign mass Normal + 8 Yes 
15 68 Benign mass Normal + 1 — 
16 74 Benign calcification Normal — 5 Yes 
17 48 Normal Benign mass — 6 —t 
18 62 Normal Normal — 1 — 
19 52 Small mass Normal + 1 — 
20 52 Bilateral masses Benign masses — 1 10/171 
21 62 Arch. distortion Normal — 1 — 
22 58 Arch. distortion Normal — 1 4/22 
23 59 Suspicious mass Normal + 1 1/18 
24 53 Benign mass Normal + 11 





* Should be verified by physician. 
+ Should be sent for biopsy 
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However, the patient and the doctor must be aware 
that interval cancers occur frequently, thereby avoid- 
ing significant delay. 

Certain characteristics should draw attention to a 
special group of screenees such as those taking estro- 
gens as well as those with a part history of a breast 
biopsy or mastectomy. 
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Non- 
Interval Interval 
Pts. Pts. Total 
Past Medical History # % # % # % 
Previous breast biopsy 4 16.6 3 4.6 7 7.8 
Previous mastectomy 3 12.5 1 1.5 4 4.4 
Previous uterine ca. 1 4.1 0 0 I 1.1 
Previous skin ca. 0 0 l 1.5 1 1.1 
Diabetes 1 4.1 6 9.2 7 7.8 
Medication: 
Thyroxine 1 4.1 7 10.7 8 8.9 
Estrogens 8 33.3 11 16.9 19 21.3 
Cortisone 0 0 2 3 2 22 
Anticoag. 1 4.1 0 0 1 1:1 
Antihist. 2 8.3 3 4.6 5 5.6 
DISCUSSION 


DR. JOHN STRICKLIN SPRATT, JR. (Louisville, KY): Dr. Humphrey 
has pinpointed an important issue. The interval cancer rate and 
the biological behavior of interval cancer holds the key to the 
evaluation of screening mammograms. Beginning with Gershon- 
Cohen, and extending through a series of studies at the Ellis 
Fischel and from Europe, the gross rates of growth of primary 
and metastatic breast cancers are now known, but these data may 
all be truncated, since the time between observations may be too 
great to permit quantitation of the growth rates of the fastest- 
growing breast cancers, as might account for the interval cancers. 

From extant growth data we have estimated that some breast 
cancers are so acute that they can go from the inception of the 
cancer to the death of the host in as brief a period of time as 120 
days. Other breast cancers are so chronic that the patient might 
live 23 years with no treatment at all. These chronic cancers, 
obviously, would be picked up by the annual mammography, 
while the acute cancers would be interval cancers. 

We have estimated, based on threshold size for diagnosis 
and metastases, that all breast cancers with doubling times of less 
than 17 days would be interval cancers. All patients that have 
cancers with doubling times of nine days or less will die within less 
than a year of inception. Based on present truncated data, we 
estimate that at least five per cent of all breast cancers fall in 
this acute category. 

If the theory of Gompertzian growth during the first 20 doublings 
of a clone of cancer cells is correct, then the interval rate might 
be higher than this. Further, many arguments regarding the bio- 
logical effect of radiation on the induction of breast cancer can be 
answered by the accurate and diligent monitoring of cohort-spe- 
cific interval cancer rates. A rate rising faster than could be ac- 
counted for by the aging of the cohort might, for example, mandate 
an early cessation of mammography. A falling rate would support 
the continuance of screening mammography. 


DR. WiLLIAM WARNER SHINGLETON (Durham, North Carolina): 
I second what Dr. Spratt has said. I think the problem of the interval 
breast cancer in mass screening is a very important problem. 

I would like to present the data from our own screening clinic at 
Duke University. We're now in the fourth year of this screening 
project. Therefore, there have been 10,000 women who have been 
screened on three occasions. 


Our data is somewhat different than that presented by Dr. 
Humphrey. We have detected 70 cancers, and we have in this group 
found nine so-called interval cancers. 

Now, looking at the problem of the detection by nurse examina- 
tion, we find that in these nine interval cancers six of them were 
not detected by the nurse who examined the patient, nor was the 
patient examined by a physician. In three other patients both the 
nurse and the physician examined the patient, and the cancer was 
not detected. 

The over-all accuracy, then, for mammography plus physical 
examination in our group is about 95%. However, since the nine 
interval cancers were missed on mammography, the accuracy of 
the mammography alone is approximately 82%. 

Now, I think most of the controversial points that have arisen 
about the detection of breast cancer by mass screening have been 
based on the Health Insurance Plan of New York study, with 
which you all are familiar. This study is about ten years 
old, and the techniques, including the amount of radiation used for 
the mammogram, was quite different than that being used in the 
demonstration projects today. 

I do believe that the data will soon be available to answer many 
of these perplexing problems. Dr. Oliver Beahrs, who is a member 
of this organization, is now chairing a committee to look at all the 
data from the twenty-seven screening clinics around the country. 
This will be data, then, on 270,000 women, approximately, who 
have undergone multiple screenings. I think this data might be 
available in six to nine months. 


Dr. J. D. LEwis (Milwaukee, Wisconsin): As has been pointed 
out, Dr. Humphrey and his group have highlighted some signif- 
icant problems associated with screening, problems that generally 
have been recognized before screening started. 

We in Milwaukee have had the opportunity to follow our patients 
4+ years at this time. (Slide) As with the other screening projects, 
we have screened approximately 10,000 patients. We have recom- 
mended 801 biopsies, of which 486 have been performed, which 
is consistent with the experience in Kansas. We have found 85 
cancers in this group, 27 of which have been minimal; in other 
words, in situ cancers, or cancers with microinvasion less than 
five millimeters in size. 

During this period of time we have had (slide) a total of 118 
interval procedures performed. This represents procedures that were 
not recommended at the last time that screening was done; 12 have 
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been via aspirations, and 106 biopsies. There have been 18 cancers 
found in this group. 

Of interest, in spite of the fact, as has already been men- 
tioned, that we were thinking in terms of the concept that interval 
cancers are likely to be rapidly-growing, aggressive cancer, six of 
the 18 cancers were lobular carcinoma in situ, and two were in 
situ intraductal carcinomas. (Slide) So that the distribution of in- 
vasion in this group really is not, or has in our experience been 
not much different than that in our cancers found on screening. 

Question No. 1, then, Dr. Humphrey, is: Can you give us the 
stages of the cancers that were found on interval procedures? 

You might also notice that our detection in the age group less than 
50 involves finding of early breast cancers as well, and so the 
question comes up also as to whether or not these interval cancers 
carry any significance as far as the effect of our approach to women 
under 50. 

(Slide) One other thing that we have noticed during this period 
of time: As you would expect, there has been a drop-off in 
the number of cancers found as a result of screening. In addition, 
there has been an apparent drop-off in the number of interval 
cancers that have developed. The next question, then, is: Is this 
similar to your experience as far as that's concerned? 

(Slide) I think we need to address the question of accuracy of 
mammography. In a presentation last year we pointed out that 
mammography is indeed relatively accurate in those lesions that are 
visualized on the mammogram, but at that time we had approximately 
20% of our cancers found on physical examination only. This has 
dropped off some, but we still are talking in the neighborhood of 
1226 of our cancers being found when there is negative mammog- 
raphy. When you add the interval cancers into this, we come up 
with a number that is very similar to that reported today. 

One final question: In those patients in whom you have recom- 
mended biopsy, but no biopsy has been done, has there been any 
significant incidence of development of carcinoma during that partic- 
ular interval? 


Dr. BENJAMIN F. RusH, JR. (Newark, New Jersey): Dr. 
Humphrey has obviously opened a topic which has been of concern 
to many of us who are in the position of administering breast 
screening projects. 

There are, really, two aspects to the question that he has raised. 
First of all, as you can gather from the data that's been presented, 
we are all seeing these interval lesions, and, within certain limits, 
in about the same percentage as he has reported. At least, that's 
the case in our clinic. 

In our case, all of our original physical examinations were done 
by our residents, and after the end of two years, and encountering 
this rather large incidence of interval lesions, we switched to a 
single physician who did all examinations for the following year. This 
made no difference whatsoever, however, in the incidence of the in- 
terval cancers. 

At this point, we're still struggling with whether these represent 
misses on the part of the mammographist and the physician ex- 
amining the patient— or are they, in fact, lesions, as has been 
suggested by Dr. Spratt, which have emerged because of rapid 
growth in the intervening period? 

Hopefully, as these studies progress across the country, the 
answer to this can be obtained. 

There is one point, however, that is of some concern, and that 
relates to the patient who has had a biopsy recommendation and 
who has had no biopsy done. Our incidence, again, runs about 
the same as Dr. Humphrey has reported. We have contacted all of 
these women. Our estimate from those patients who actually did have 
biopsies done would be that at least a third of them have cancer. 
The fact is that these patients inform us that their own physicians 
have advised them not to go through with the biopsy, for a number 
of reasons, perhaps the most common being that physical examina- 
tion in the physician's office was negative. 


Dr. WILLIAM STAHL (New York, New York): I think that it 
is very important for Dr. Humphrey to have brought these 
troublesome interval cancers to our attention. As a consultant to 
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the Health Insurance Plan of Greater New York, the sort of grand- 
daddy of the screening programs, I can bring you up to date, now, 
14 years after the inception of that program. This is the work of 
Venet, Venet, Shapiro and Strax, and, as you know, was a ran- 
domized selection from the population of Health Insurance Plan 
enrollees. 

The Insurance Plan has 28 medical groups, and 750,000 en- 
rollees in a prepaid method. Thirty thousand women were selected at 
random as a study group, and matched individually for a variety of 
factors with 30,000 control women, who still don't know who they 
are, nor do their physicians. These people have been followed com- 
pletely since that time. 

The data which I can show you is brought up to the present time. 
(Slide) It's well recognized that in the screening study the technique 
of mammography then, perhaps, was not as good as mammography 
that is now used, since the study began in 1963 and ran to 1970. 
Twenty-thousand of the 30,000 study women actually accepted 
screening and followed through the five-year period. 

In terms of long-term survival of these women, the control group, 
as you see, had this death rate over the total period of five years 
of screening. The total study group rate was lower, even though 
that included the group which refused screening and had a higher 
death rate. The group with interval cancers had the same death rate 
as the control group. Perhaps this implies something about the types 
of cancers that these people had. They don't seem to be better or 
worse than the people who had no screening at all. 

Of those screened where cancer was detected due to the screening, 
the five-year death rate was much lower. 

(Slide) Survival, of course, correlated with a lower incidence of 
positive lymph nodes in the patients detected by screening. In 
our study, mammography done in the 40—49 year age group de- 
tected 20%, whereas in the 50 and over age group it detected a 
larger number. Clinical exam was more important in the under 50 
age group. These data provide the basis for questioning the use 
of mammograms in patients under fifty. 

(Slide) The distribution of our 45 interval cancers, compared to 
the 132 screening-detected cancers in this five-year period, is some- 
what different than Dr. Humphrey's, and raises certain questions. 
We had no interval cancers under two months from date of 
screening and a roughly equal distribution then through the eighth 
month, with a marked increment in the last four months. 

All of these cancers were detected by physical examination, 
since they were felt by the individual who then returned to her 
physician before the next screening period. 

I think this question arises: Do we have a mixture of two types 
of situation here—rapidly developing cancer, or cancers that are 
missed by our present modalities, which are not 1006 accurate? 

The question I would raise has to do with nurses doing the 
screening in Dr. Humphrey's report, as to whether those cases 
could have been detected. All of the HIP patients were screened 
by physician-examiners. Do we have to worry about using 
nurse-clinicians to examine these patients? 

I think that our interval cancer rate should be lower, since I’m 
quite convinced that mammography technique now is better than it 
was in the 1963 to 1970 years. Does this data suggest that 
physical examination ought to be performed every six months, even 
though we don't know how often mammography should be per- 
formed? I think perhaps it does. 

The importance of the early detection of breast cancer is 
brought out by the nine-year figures for the patients screened. 
The two groups of patients were matched very well; the control 
group and the study group, for those who are interested in 
prospective matched studies with 30,000 women in each group, 
there have been 507 cancers in the study group and 509 cancers 
in the control group. 14 years after the selection of these groups. 

Importantly, of the screen-detected cancer population, the study 
group, there have been 91 deaths, while there have been 128 deaths 
in the control group. The value of this type of approach, I think, 
is quite clear. 


Dr. HOWARD FRANK (Boston, Massachusetts): Any discussion 
of the screening process for carcinoma of the breast must take 
into account the reliability of the biopsy. 
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We see in these large and careful studies a substantial potential 
value for mammography in the finding of malignancies of the 
breast in an early, or at least a small stage. But to gain this 
advantage the biopsy process must be accurate, and this can be 
difficult when the lesion cannot be palpated clinically or, perhaps, 
even at operation. The problem arises because the shape and posi- 
tion of the breasts are very different during mammography than at 
operation, and one cannot proceed simply from one to the other. 

(Slide) A simple and effective technique that we have used is to 
insert a self-retaining, slender metal guide, which maintains its 
relationship to the lesion; in this case, a small cluster of micro- 
calcifications deep within the breast, not palpable clinically, and 
not presenting a mass even radiologically, (slide) and requiring x-ray 
of the biopsy specimen to identify the lesion, which proved to be 
an infiltrating carcinoma. 

(Slide) In this instance, a mass was visible by mammography, 
but not palpable clinically. The guide does not actually have to 
touch the lesion; the relationship and surgical procedure remains 
constant between x-ray examination. 

There are, of course, other ways of going about this, but this one 
works well, and a guide can be fashioned by bending the tip of any 
appropriate wire. 


MIcHAEL R. Coates (Torrance, California): I had not intended to 
discuss this paper, but I am prompted to do so by the fact that 
I hear that in Kansas, Milwaukee, New Jersey, New York, and 
perhaps elsewhere in the country, fully 40% of the women who are 
advised to have biopsies after all this time and effort is put into 
finding them refuse to have the biopsy. And this prompts me to 
bring to your attention some data that Dr. Yosef Pilch and I pre- 
sented before the Pacific Coast Surgical Association just a few weeks 
ago, so it has not yet appeared in press. 

In 481 consecutive patients operated on at the Harbor General 
Hospital campus of the UCLA School of Medicine, we used local 
anesthesia by preference for biopsies. These data were presented in 
two stages. The first stage was about two years ago, where we used 
local anesthesia in 78% of our patients, and in the more recent 
stage in almost 100% of our patients was that approach used. 

We were able to predict the accuracy, or, rather, were able 
accurately to predict the diagnosis preoperatively in 90%, or well 
over 90%, of our patients. And in 88% of the patients who had 
cancer we were able to establish the presence of the cancer pre- 
operatively by a needle biopsy. 

Now, clearly, when we're talking about a screening population 
such as that which was presented this morning, there is a limited 
place, perhaps, for local anesthesia in the biopsy of these lesions, 
but I think there is a real place for biopsy under local anes- 
thesia, and I believe that we are frightening some of our patients 
away from allowing us to do the biopsy by insisting on general 
anesthesia and permission for radical mastectomy, or mastectomy 
of some kind, prior to giving the patient an opportunity to know 
with us what the diagnosis is with certainty. 

So, therefore, in summary, I am suggesting that perhaps we ought 
to strive, once we identify the women by screening procedures, 
to present them alternatives of biopsy which are not frightening 
to them. 


Dr. Brock EDWIN Brus (Detroit, Michigan): Have the authors 
attempted to correlate the histological findings of these tumors with 
the accuracy of mammography? 

I ask this because we have been interested in lobular carcinoma 
of the breast, in which we find that the accuracy of mammography 
to be quite low. Our radiologists will say that there is some 
density of the breast, but, because they see no calcium flecks, or 
other suspicious diagnostic features, they do not diagnose this as 
cancer. We have found quite a number of these lobular car- 
cinomas that were undiagnosed on mammography, and we have 
come to think of the possibility of this type of lesion when the 
mammograph shows “‘very dense glandular tissue". 

It would seem that different cell types of carcinoma and dif- 
ferent stages of the disease would be expected to show some dif- 
ferences on mammography. Further experience and observations 
will no doubt clarify some of these problems. 
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DR. JAMES V. MALONEY, JR. (Los Angeles, California): May I 
thank Dr. Humphrey for emphasizing the problem of the "interval" 
cancer, and make a practical application of the erudite comments 
made by Dr. Spratt and by Dr. Stahl. 

A recent publication from a major university breast screening 
clinic involving 20,000 patient visits reported the discovery and 
early treatment of approximately 50 cancers. The five year survival 
rate was in excess of 90%. The authors concluded, therefore, that 
breast screening clinics were a valuable aid to the early diagnosis 
and treatment of this disease, and made possible better long-term 
results. 

Some 40 interval cancers, which were mentioned almost paren- 
thetically, had a survival rate one half that customarily reported 
in large series of breast cancers. 

I reworked the data, combining the two groups, and found that 
the average survival rate of the entire group was identical to 
what we all obtain. This means to me that the woman who has her 
tumor discovered at the time of a routine visit to a breast screening 
clinic almost by definition has a tumor with a long doubling time. 
The woman who discovers her tumor in the interval between visits 
is very likely to have a tumor with a short doubling time. I 
therefore conclude that a breast screening clinic is a cute method 
of separating tumors with fast and slow doubling times. 

It seems to me that an important observation was made in this 
field by Dr. C. B. Mueller, of this fellowship, who in a follow-up 
of some 3000 breast cancer patients for 21 years showed that of all 
patients who originally had a diagnosis of breast cancer, 96% of 
those patients ultimately die of that tumor, that they die at a rate 
of seven and one-half per cent per annum, and that the recurrence 
rate in the third year following the discovery of the tumor is identical 
to the recurrence rate in the fifteenth or the twentieth year follow- 
ing the discovery of that tumor. 

Although it is true that treatment, surgical or otherwise, af- 
fects the survival rate favorably, the most spectacular apparent 
therapeutic results, and I emphasize "apparent therapeutic results," 
are achieved by devices such as screening clinics, which allow the 
surgeon to select for treatment tumors with slow doubling times, 
and claim credit not due him for good five-year results. 


PRESIDENT WELCH: Dr. Humphrey, I hope that you may make the 
differentiation between mammography and xerography. | thought 
your original films were of mammography: and the difference is 
like night and day. 


Dr. Loren J. HUMPHREY (Closing discussion): I have attended 
yearly now for several years the American College of Radiology 
sessions, trying to compare xeroradiography and mammography, 
and, basically, it’s hard to see a great difference between the two. 
Those that like skirts think they’re great, and those that like long 
dresses think they're great. I think there is some advantage, 
perhaps, in the under-50 woman in xeroradiography, but you'll 
get great argument from the mammographer. 

The problem of growth rate versus the accuracy of the screening 
method is almost unanswerable, and I suspect when one has a 
potpourri of tumor types and patients, which there are, we can 
really agree with and disagree with many of the discussants and 
their points, such as those made by Dr. Maloney and Stahl and Rush, 
and so forth. 

Specifically speaking, then, if we look at growth rate, I do agree 
with Dr. Spratt. I think within this group there are those that have 
a short doubling time, and they probably are the interval cancers. 
The histologic differences were not at variance in the two groups. 
There were some that were lobular carcinoma in situ. There were 
some that were invasive carcinoma. And I must confess, the thing 
that spurred this investigation was a conversation with Dr. Hamblin 
Letton. He told me he had a patient who had a negative screen, 
and in two months came in with a large, six centimeter mass, 
and had bony metastasis. 

So I think, indeed, that is true: We are dealing with a group 
that have a very short doubling time. And it may well be, Dr. 
Maloney, that we as surgeons are benefiting from those who have a 
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long doubling time. And, indeed, another point I would add to that, 
that we may be adding their survival on the front end by getting 
them that much earlier. 

On the other hand, I think one must look critically at some of 
the points. made, the assessment by the examiner. I think one 
weakness in ours has been the changeover in nurse-clinicians. I 
believe, if they're monitored properly, and if they are encouraged 
to send them to the physician more frequently than our group have, 
one will find many that we missed. And that was a point alluded to, 
that we shouldn't have had that many coming back in one to two 
months; and perhaps that is a failing of the physical examination. 

The interval rates presented today range from Shingleton's 1396 
to the 15% by Lewis, and to our 26% to the much higher rate, 
in Dr. Stahl's figures. I think, while we can argue about fine dif- 
ferences in statistics, we have to stick with the problem: Is 
the interval rate going to detract from the use of detection centers? 
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We purposely in the manuscript have not put a judgment value on 
this data, not out of any trepidation, but I do believe 24 case 
histories are not sufficient data to define it properly, and therefore 
say to this group of surgeons that we should stop screening 
women under 50. I don't want to enter into the emotionalism 
that has come out of a well-known city in this country. 

All the points you have heard by the discussants have merit. I 
think, however, you should not overlook the value of mammography 
as an aid in your diagnosis. Whether or not we will continue using 
that in screening will hopefully be answered by the 27 projects now 
going on; and I think it will be five more years, rather than some 
extrapolation, that will yield the answer. 

The one point that I want to make in closing, then, is that 
while we missed, in this study, one third of the patients that 
had cancer in the screening process, of those 10,000 only 0.396 
developed an interval cancer. 
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Physically, chemically, clinically, different from 
any topical hemostat you have used before... 


Avitene (MCH) is an absorbable, topical hemostatic 
agent prepared from purified bovine corium colla- 
gen. When placed in contact with a bleeding surface, 
Avitene acts like native collagen: it attracts platelets 
which undergo the release phenomenon, initiating 
the formation of a platelet plug and a natural (phy- 
siologic) clot. 

Avitene, an adjunct to conventional hemostatic 
procedures, has been found to be of greatest value 
when control of bleeding by ligature or conventional 
procedures is ineffective or impractical. Avitene is 
especially effective in: 

e generalized bleeding from raw, soft, or friable tis- 
sues 

* bleeding from highly vascularized organs 

* bleeding from cancellous bone 

e bleeding around vascular anastomoses, where only 
minimal suturing may be possible because of lack of 
integrity of the tissue or the risk of compromising the 
lumen 

Data collected since 1972 show that Avitene 
elicits negligible immunologic responses and foreign 
body reactions and produces no adverse effects on 
healing of vascular anastomoses or bone* Avitene is 
effective in most patients receiving heparin or aspirin, 
and has been shown to be effective in patients who are 
moderately thrombocytopenic. Avitene will not 
work, however, in the presence of clinical throm- 
basthenia or systemic coagulation disorders, and it is 
contraindicated in the closure of skin incisions, as it 
may interfere with the healing of the skin edges. 
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over site of splenic bleeding. 
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A New Book! THE HAND: Surgical and Non-surgical 
Management. Edited and with contributions by EUGENE 


S. KILGORE, JR., M.D., University of California Medical 


School, San Francisco, California; and WILLIAM P. 
GRAHAM, Ill, M.D., Pennsylvania State University College 
of Medicine, Hershey. (19 Contributors). A distinguished 
group of contributors, each especially well qualified to 
write in his assigned area, have joined the authors in pre- 
senting a definitive, up-to-date text on diagnosis and 
treatment of hand disorders. This wealth of expertise, 
together with an abundance of specially prepared illustra- 
tive material, combine to form a highly clinical, practical 
study of the "state of the art”. Thirty chapters cover stiff- 
ness, pain, common dermatological disorders, pitfalls, 
psychological aspects of hand disorders, anesthesia, and 
biology of repair. Trauma, degenerative diseases, congeni- 
tal anomalies and tumors, disorders of the musculotendin- 
ous, skeletal and neurological systems are dealt with in 
detail. The unusual combination of thorough coverage, 
clear and concise presentation, continuity of style and ease 
of access to information makes this book a valuable 
addition to the libraries of those involved with management 
and care of hand problems. About 600 pp. (8/2 x 11), illus., 
1977, Ready Now. 


INITIAL MANAGEMENT OF THE TRAUMA PATIENT. 
Edited and with contributions by CHARLES F. FREY, M.D., 
University of California, Davis. (34 Contributors) Emphasis 
is given to the initial rather than definitive management of 
the trauma patient, including appropriate diagnostic and 
therapeutic actions from the scene of the accident, into and 
through the emergency department. Requisites of training 
for this new specialty are described. Thoroughly discussed 
in a succinct manner is management of injuries to the eyes, 
face, head, chest, abdomen, spine, extremities and soft 
tissues, with special chapters on the hand and on cardiac 
resuscitation. Burns, irradiation injuries, shock, infection, 
tetanus, renal failure, poisoning in children, and drug 
misuse are all covered. The automobile accident problem 
and its cost to society provides an overview and framework 
for discussion of the management of specific injuries. A 
plan for managing the injured patient, including the initial 
diagnostic and therapeutic decisions to be made, their 
priority, and indications for triage to the intensive care and 
operating units is but one of the many excellent features of 
this book that will have strong appeal. 498 pp., illus., 1 976, 
$20.00. 
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A New Book! DEVELOPMENTS IN DIGESTIVE 
DISEASES: Clinical Relevance. 1. Edited and with con- 
tributions by J. EDWARD BERK, M.D., D.Sc., University of 
California, Irvine, California. (21 Contributors). The 
surgeon will appreciate this presentation of selected topics 
that represent newer developments and areas of current 
interest in digestive diseases. The contributors bring recog- 
nized expertise and authority to their reviews. All of them 
also clearly exhibit surpassing ability to interpret the data in 
terms of their clinical importance, application, and 
relevance. The aim is to translate the newer research 
findings into their clinical applicability. About 300 pp. (7 x 
70), illus. (some in color), 1977, Ready October. 


OPERATIVE ANATOMY OF ABDOMEN AND PELVIS. 
By EDWARD A. EDWARDS, M.D., Harvard Medical School, 
Boston, Massachusetts; PAUL D. MALONE, Lahey Clinic 
Foundation, Boston, Massachusetts; and JOHN D. 
MacARTHUR, M.D., Harvard Medical School, Boston, 
Massachusetts. Anatomy basic to surgery in the entire 
abdomen and pelvis is depicted in illustrations of either 
anatomical dissections, or views seen at the operating 
table. Considered are those structures utilized for opera- 
tions upon each organ, with physiologic reasons for choice 
of procedure, anomalies to be watched for, and anatomic 
hazards to be avoided. 478 pp. (8/2 x 11), 224 illus. (5 plates 
in color), 1975, $37.50. 


A New Book! PROGRESS IN CARDIOLOGY. 6. Edited by 
PAUL N. YU, M.D., University of Rochester School of 
Medicine and Dentistry, Rochester, New York; and JOHN F. 
GOODWIN, M.D., Royal Postgraduate Medical School, 
London, England. (22 Contributors). Partial contents: 
Cardiologist's View of Coronary Revascularization; Critical 
Analysis of Medical Versus Surgical Treatment of Angina 
Pectoris; The U.S.A. Multicenter Unstable Angina Trial; 
The U.S.A. Coronary Artery Bypass Surgery (CABG) Trial; 
The European Multicenter CABG Trial; Combined CABG 
and Other Surgical Procedures in Patients with Coronary 
Artery Disease; etc. About 350 pp. (7 x 10), illus., 1977, 
Ready October. 
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An Evaluation of Bone Scans as Screening Procedures 
for Occult Metastases in Primary Breast Cancer 


R. ROBINSON BAKER, M.D., EDWIN R. HOLMES, Ill, M.D., PHILIP O. ALDERSON, M.D., NAGI F. KHOURI, M.D 


Preoperative bone scans were obtained in 104 patients with 
operable breast cancer. Areas of increased radioactivity de- 
tected by the bone scan were correlated with appropriate 
radiographs. One of 64 patients (1.5%) with clinical Stage 
I and Stage II breast cancer had a metastatic lesion detected 
by the preoperative bone scan. In contrast, 10 of 41 patients 
(24%) with Stage III breast cancer had occult metastatic 
lesions detected by the preoperative bone scan. The majority 
of patients with abnormal bone scans and no radiographic 
evidence of a benign lesion to explain the cause of the in- 
creased radioactivity proved to have metastatic breast cancer 
on follow-up examination. Even though 20% of patients with 
operable breast cancer will eventually develop bone metastases, 
our results indicate that preoperative bone scans are not an 
effective means of predicting which patients with Stage I and 
Stage II disease will develop metastatic breast cancer. Because 
of the considerably increased frequency of detection of occult 
metastases in patients with Stage III breast cancer, bone 
scans should be obtained routinely in the preoperative assess- 
ment of these patients. 


UMEROUS STUDIESL7^1-1-5 have demonstrated 
that the radionuclide bone scan is a sensitive 
detector of skeletal metastases and is often positive 
prior to the appearance of radiographic skeletal ab- 


A-.normalities. The detection of radiographically occult 


-— 


metastases in asymptomatic patients with breast caricer 
has led several authorities?^??-1? to recommend radio- 
nuclide bone i imaging as a routine screening test prior 
to mastectomy in patients with suspected or proven 
breast cancer. A recent study by Citrin* supported 
this approach, as the bone scan led to the discovery 
of occult metastases in 1596 of 49 patients with Stage 
I. breast cancer and in 19% of 26 patients with Stage 
II disease. However, the results of other studies have 
not been as encouraging.9? For the past three years 
we have performed 9?"Tc-diphosphonate bone scans 
prior to mastectomy in patients with breast cancer. 
We have reviewed this experience in an effort to further 
define the role of the bone scan as a routine pre- 
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operative screening procedure in patients with breast 
cancer. 


Materials and Methods 


The series consisted of 103 females and one male 
(mean age 61, range 31—80 years) who had 99mTc- 
phosphate bone scans prior to mastectomy. The bone 
scans were performed three to four hours after the 
intravenous injection of 20 mCi of 88m ¢-diphosphonate 
or pyrophosphate. Whole- body images were obtained 
utilizing a dual probe Ohio-Nuclear rectilinear scanner 
in the 5:1 minification mode. In addition, each patient 
had gamma camera images of the entire spine plus 
other areas that were equivocally abnormal on the 
rectilinear scan: Camera views were.also obtained in 
regions where a patient reported’ bone pain, unless 
these areas were unequivocally abnormal on the rec- 
tilinear scan. 

The bone scans were classified as normal or as 
demonstrating areas of increased activity: The bone 
scans demonstrating áreas of increased activity were 
then classified as positive or negative for metastases 
by correlating the bone scan findings with appropriate 
radiographs. The radiographs were read as: 1) normal; 
2) diagnostic of benign disease such as degenerative 
joint disease, trauma or Paget’ s disease of the bone; 
and 3) diagnostic of metastatic breast cancer. An ab- 
normal bone scan associated with an area of radio- 
graphic normality or with radiographic evidence of 
metastases was considered positive for metastases, a 
bone scan associated with a benign radiographic ab- 
normality (e.g. degenerative joint disease, Paget's dis- 
ease) was considered negative for metastases. 

All patients were clinically staged according to the 
TNM classification system. The patients were divided 
into three stages as follows: Stage I (T,N,Mg; Stage 
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TABLE |. Results of Preoperative Bone Scans 


Clinical Stage 


Bone scans negative for metastases 27 36 , 
Bone scans positive for metastases 1 0 10 


II (T,;N,Mo), (T-N:Mo) or Stage III (T4 or TyNo or 
N4,My). 


Stage I Disease 


There were 28 patients (mean age 51) with Stage I 
breast cancer. Twenty-six patients had infiltrating duct 
carcinoma, one patient had an infiltrating lobular carci- 
noma and one patient had an adenoid cystic carcinoma. 
Twenty of the 25 patients who had axillary lymph 
node dissections had no evidence of metastases in the 
auxillary lymph nodes. Four patients had one to three 
axillary lymph nodes involved and one patient had four 
or more axillary lymph nodes containing metastatic 
breast cancer. 


Stage II Disease 


Thirty-six patients (mean age 61 years) had Stage II 
breast cancer. Thirty-three of these patients had in- 
filtrating ductal carcinoma, two patients had papillary 
carcinoma and one patient had a colloid carcinoma. 
The axillary lymph nodes were free of metastases in 
18 of the patients who underwent axillary lymph node 
dissection; seven patients had one to three axillary 
lymph nodes containing metastatic breast cancer and 
nine patients had evidence of metastatic breast cancer 
in four or more axillary lymph nodes. 


Stage III Disease 


The breast cancers were classified as Stage III in 
4] patients (mean age 62 years). Thirty-eight of these 
patients had infiltrating ductal carcinoma, two patients 
had an infiltrating lobular carcinoma and one patient 
had a colloid carcinoma. In those patients undergoing 
axillary lymph node dissection, 18 patients had no 
evidence of axillary lymph node metastases. Seven 
patients had metastatic carcinoma in one to three 
axillary lymph nodes and 12 patients had histologic evi- 
dence of axillary lymph node metastases in four or more 
nodes. 


Follow-up 


The 104 patients have been followed clinically for 
five to 36 months (mean 20.6 months) following oper- 
ation, either a total mastectomy or total mastectomy 
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plus axillary lymph node dissection. Routine bone 
scans and x-rays have not been obtained postopera- 
tively unless clinical findings suggested bony me- 
tastases. Forty-seven patients had at least one repeat 
bone scan, the mean interval between the initial and 
latest scan being 20.3 months (range six to 36 months). 


Results 


The results of the preoperative bone scans in the 
104 patients are reviewed in Table 1. Only one of the 
64 patients with Stage I and Stage II malignancies 
had a bone scan positive for metastases. The patients 
are analyzed by stages below: 


Stage I Disease 


Eight patients had bone scans which were classified 
as normal. One patient had an abnormal scan which 
indicated the presence of a lesion in the lumbar spine 
(Fig. 1). Radiographs of the lumbar spine demon- 
strated an extensive lytic lesion in the third lumbar 
vertebra. This patient remains alive and well without 
further evidence of metastases 36 months following 
irradiation of the lumbar spine. The remaining 19 
patients had abnormal bone scans but all had radio- 
graphic evidence of either degenerative joint disease 





Fics. la and b. (a, left) The bone scan demonstrates an area of 
increased radioactivity in the lumbar spine. (b, right) The radio- 
graph demonstrates an extensive lytic lesion in the fourth lumbar 
vertebra. 
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Fics. 2a and b. (a, left) The bone scan demonstrates increased 
radioactivity in the lower thoracic spine. (b, right) A radiograph 
of the same area demonstrating severe degenerative joint disease 
in the lower thoracic spine. 


or trauma. These 19 patients have remained free of 
disease for 12 to 36 months (mean 17 months). 


Stage II Disease 


Thirteen patients had normal scans. The remaining 
23 patients had abormal scans. In all of these patients 
the abnormal areas on the bone scan were accounted 
for by radiographic evidence of benign diseases (one 
Paget's disease, 22 degenerative joint disease). One of 
the 36 patients with Stage II breast cancer has de- 
veloped a local recurrence without evidence of a 
positive bone scan 20 months following treatment. 
The remaining 35 patients are alive without evidence 
of recurrence seven to 35 months following treatment 
(mean follow-up—22 months). 


Stage III Disease 


Bone scans were normal in 13 or 41 patients with 
Stage III breast cancer. One of these patients died of 
congestive heart failure without evidence of recurrent 
breast cancer 25 months post-operatively. Another 
patient developed radiographic evidence of bone me- 
tastases 17 months following therapy. The remaining 
11 patients are alive without evidence of recurrence 
(mean follow-up— 16 months). In 18 cases, radiographs 
revealed degenerative joint disease in the areas which 
were abnormal on the bone scans (Fig. 2). One of 
these patients has subsequently developed bone me- 
tastases in an area which was normal on the pre- 
operative bone scan. The remaining 17 patients are 
alive without evidence of recurrent breast cancer 


SCREENING FOR BREAST CANCER 


365 


from nine to 36 months (mean follow-up—24 months) 
following therapy. Two patients had radiographic 
evidence of metastatic breast cancer in the areas 
detected by the abnormal bone scans. Eight patients 
had normal radiographs (Fig. 3). Three of the patients 
with abnormal bone scans and normal radiographs have 
died of metastatic breast cancer 16 to 26 months 
following primary therapy. An additional four of these 
patients have developed clinical and radiographic evi- 
dence of bone metastases 21 to 36 months following 
therapy. One patient with an abnormal bone scan 
and normal radiographs is alive without clinical or 
radiographic evidence of metastases 11 months follow- 
ing therapy. 


Discussion 


Even though 20% of patients with operable breast 
cancer will eventually develop bone metastases ,!* 
our results indicate that preoperative bone scans are 





FiGs. 3a-d. (a, top left) The bone scan demonstrates a slight 
increase in radioactivity in the humerus below the acromio- 
clavicular joint. (b, top right) Radiographs of the humerus taken 
24 hours later reveal no radiographic abnormalities. (c, bottom 
left) Bone scan of the left humerus 21 months later demonstrating 
increased radioactivity in the humerus compared to the initial scan. 
(d, bottom right) Radiographs of the humerus after the second 
bone scan demonstrating a large metastases. 
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not an effective means of predicting which patients 
with Stage I and Stage II disease will develop metas- 
tatic breast cancer. One of 64 patients (1.5%) with Stage 
I and Stage II breast cancer had an abnormal bone 
scan which when correlated with radiographs, proved 
to be a metastases. All of the other lesions detected 
by preoperative bone scans proved to be radiographi- 
cally benign. Not one of these patients has developed 
clinical or radiographic evidence of metastases within 
the follow-up period. 

Preoperative bone scans in patients with Stage IIT 
breast cancer, however, detected occult lesions in ten 
of 41 patients (24%) who were scanned. In two 
instances, radiographs of the abnormal areas revealed 
metastatic lesions. The remaining eight patients with 
abnormal scans had normal radiographs. These metas- 
tatic foci of breast cancer only became apparent 
radiographically after months of follow-up, thus demon- 
strating the increased sensitivity of the scanning tech- 
nique compared to the radiograph. One patient in our 
series who had an abnormal scan and no radiographic 
evidence of a bone lesion, has not developed clinical 
or radiographic evidence of metastases thus far. This 
patient Las only been followed, however, for a rela- 
tively short period of time, 11 months. 

Our evaluation of preoperative bone scans in pa- 
tients with operable breast cancer is considerably 
different from that reported by some other investi- 
gators. Citrin* describes a series of 75 patients with 
Stage I and Stage II breast cancer who had preopera- 
tive 9?"Tc-phosphonate bone scans. Eleven of these 
patients (14.6%) had abnormal scans. Five of these 11 
patients have died and three patients have recurrent 
breast cancer. Although osseous metastases have only 
been demonstrated radiographically or at autopsy in 
two of these cases, an abnormal bone scan, in Citrin's 
experience at least, is associated with a poor prognosis. 
Hoffman? also reports a considerably higher incidence 
of abnormal ®7™Sr bone scans in patients with oper- 
able breast cancer compared to our results. Forty- 
seven patients with pathologic Stage I and Stage II 
breast cancer were scanned within three months of 
primary therapy. Nineteen of these patients had abnor- 
mal scans and 16 of them have subsequently developed 
bone metastases as proven by biopsy, autopsy or sub- 
sequent evidence of a bone lesion. The majority of 
these patients had axillary lymph node metastases 
(37/47) and half of the patients with axillary lymph 
node metastases had more than four nodes involved 
with metastatic tumor. A long term follow-up study 
has recently been reported by Sklaroff." Fifteen of 
64 patients with Stage II breast cancer had positive 
85Sr bone scans shortly after operation. Within eight 
years, nine of these patients have developed clinical 
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and/or radiographic evidence of metastases, the re- 
maining six are free of metastatic disease. Preopera- 
tive bone scans thus accurately detected metastases in 
nine of 64 patients or 1496 of the total number of 
patients with Stage II disease. 

There is no apparent explanation for the rather 
marked differences in the results reported by Citrin* 
in patients with Stage I and Stage II breast cancer 
compared to our series of cases. It does not appear 
to be related to differences in clinical stage or length 
of follow-up following the initial bone scan. Our 
considerably lower frequency of positive scans also 
does not appear to be related to a disproportionate 
number of histologic types of breast cancer such as 
colloid cancer and papillary cancer which are asso- 
ciated with a considerably lower incidence of metas- 
tases than infiltrating ductal cancer. The higher fre- 
quency of positive scans found by Hoffman? is prob- 
ably related to a larger number of patients who had 
axillary lymph node metastases. Seventy-eight per cent 
of the patients in Hoffman's series had axillary lymph 
node metastases, compared to 3796 of our patients. 

Studies reported by El-Domeiri,5 Lentle? and Green? 
appear to be in closer agreement with our results. 
El-Domeiri$ reports one positive ??"Tc-phosphonate 
scan in 24 patients with T, and T, lesions (Clinical 
Stage I and II disease). In 31 patients with Stage III 
lesions, however, he reports that 4096 of the patients 
had abnormal scans. Lentle?? reports a 9.5% incidence 
of positive or suspicious *?"Tc-phosphonate scans in 
174 patients with operable breast cancer but the exact 
stage of disease is not stated. Green? reports a 496 
frequency of abnormal *F scans in patients with Stage 
I and II breast cancer. 

The results of this study indicate that pre-operative 
bone scans in patients with Stage I and Stage II breast _ 
cancer will not detect a significant number of occult 
osseous metastases. Their only value, therefore, is to 
provide a base-line scan for comparison to subsequent 
scans obtained in the postoperative period. Because 
of a considerably increased frequency of detection of 
occult metastases in patients with Stage III breast 
cancer, bone scans should be obtained routinely in 
the preoperative assessment of these patients. Ab- 
normal scans should always be correlated with ap- 
propriate radiographs. Radiographs of the bones with 
increased radioactivity will frequently detect the pres- 
ence of some type of benign disease such as degenera- 
tive joint disease to explain the abnormal scan. Within 
the limited follow-up period described in the current 
study, the radiographs have proven to be an accurate 
means of differentiating metastatic lesions from the 
increased radioactivity caused by benign lesions. 
Occasionally, the radiographs will detect radiographic 
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evidence of metastases. Normal radiographs in the 
presence of an abnormal scan are of concern, because 
a significant number of these patients with breast 
cancer have developed subsequent evidence of metas- 
tases in the area of increased activity which initially 
was radiographically normal. 

Based on the results of the current study, the thera- 
peutic implications of a positive scan are becoming 
more apparent. The presence of such a lesion in asso- 
ciation with a normal radiograph appears to be highly 
suspicious of occult metastases. If feasible, biopsies 
of this type of lesion are indicated prior to definitive 
therapy. 
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Dr. BERNARD FISHER (Pittsburgh, Pennsylvania): He brings to our 
attention his experience with a technique aimed at more pre- 
cisely defining the tumor burden that is beyond the reach of 
surgery; one of the most pressing challenges of modern oncology. 


‘Such information is of particular importance if it can be 


utilized in planning therapy, either that relative to the operation 
for the primary tumor or for the employment of systemic therapy, 
as he has mentioned. 

Certainly, if the finding of a positive bone scan is reliable, there 
would be no justification for mastectomy, when other procedures 
could just as effectively handle the primary tumor, and systemic 
therapy could be instituted regardless of nodal status. 

To the present, it has been the policy of the NSABP in eight 
different protocols involving more than 6000 patients with primary 
Stage 1 or 2 breast cancer to not require preoperative skeletal 
surveys, because of the low yield of positive findings, and not to 
require preoperative bone scans because of the uncertain signif- 
icance. We have encouraged the obtaining of postoperative scans 
to serve as a baseline for future scans, and to also determine the 
natural history of those who do have positive scans. 

Moreover, we do not accept the results of a single positive 
Scan in an asymptomatic patient as indicative of a treatment 
failure. Whether bone scans are or are not positive in no way 
repudiates the fact that breast cancer is more often than not a 
systemic disease at the time of operation, and that patients require 
effective adjuvant therapy to prolong their disease-free interval. 
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Why Dr. Baker's interesting and important results are different 
from those of many other investigators is speculative. Precise 
comparisons of patient populations studied, techniques employed, 
and subjectivity of the interpretation of the scans may all well 
play a part. Certainly, one can't quibble with his findings; one can 
only wonder why they differ. And once again we're forced to face 
up to the difficulties of comparing data sets acquired by different 
investigators from seemingly comparable patients. 

In that regard, Dr. Baker, was there a selection process used 
in choosing patients for preoperative scans? Were they consecutive 
patients? Were they carried out on all patients coming to operation 
for breast biopsy, or were only those with a high index of suspicion 
of cancer screened? This is not clear, and I think it is very im- 
portant. 

Since less than half of Dr. Baker's patients had repeat bone scans 
postoperatively, and since it takes, as he has mentioned, over a year 
for a positive bone scan with negative radiography to become 
positive, and another interval of time for clinical symptoms to 
develop, longer follow-up will probably be required before one can 
be sure of the incidence of false negative scans in his series. 

While one cannot ignore these important findings, one also cannot 
ignore those of others, who have demonstrated an incidence of 
positive findings which suggest that preoperative scans be per- 
formed. As far as I am concerned, further data from patients meticu- 
lously characterized must be obtained before the worth of pre- 
Operative scans can be properly ascertained. 


DR. WALTER LAWRENCE, JR. (Richmond, Virginia): It has become 
quite fashionable to carry out all sorts of staging procedures for 
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a number of cancers, so that we as surgeons can restrict the 
more aggressive operative approaches to those patients that have 
tumors that are amenable to cure; and I think this area of breast 
cancer is the one that’s gotten the most attention. Most of us in 
this room are doing what Dr. Baker has been doing, and that's to 
use bone scars, possibly excessively, in the assessment of most of 
our breast cancer patients. 

I think he has made a couple of points worth emphasizing: The 
first one is the point that a positive bone scan deserves a careful 
radiographic study. My quibble with that is, and it's something 
similar to what Bernie has said, that when you look at this series of 
scans for metastases, he has an unduly high incidence of positivity 
that is attributed to benign disease. In Stage 1 and 2, contrary to 
Others, there are very few, actually only one positive scan that he 
attributes to metastases, and yet there are a large number of ‘‘posi- 
tive scans” that he has attributed to benign disease. What I would 
wonder, and I think he's probably worried too, is that in a longer- 
term follow-up a lot of these may turn out to be truly positive for 
metastasis. His figures then may become amazingly similar to others 
that have been reported. 

The second point he makes, and I think it's a very important 
one today for those of us in surgery who are being pressed to make 
medical care less costly, is the cost of scans when used for all 
potential breast cancer patients. We see our medical colleagues 
ordering every scan known to man on patients prior to initiating a 
therapeutic plan, and 1 think most of us probably have been doing 
too many of these scans as well. I think the idea of ordering scans 
according to the staging of the patient is fine, and I think most of 
us would agree with that. One problem I see, though, is that he 
stages people differently than I do, and possibly differently than 
some of you. 

For example, it's curious that out of all the Stage 2 patients, 
that is, clinically positive axillary node patients, at the Johns 
Hopkins Hospital, they only have a 50% incidence of histologically 
positive nodes. 1 know this is different in Dr. Fisher's large col- 
lective study group and in our hospital, and we stage less patients 
as clinically positive Stage 2 cases with a higher incidence of 
histologic confirmation. This means a number of Dr. Baker's Stage 
2 cases may well be Stage 1. 

Where I would quibble on guidelines for ordering bone scans (and 
it's really only minor) is that I think from our own experience, and 
what we have seen in the literature, it may be acceptable to omit 
scans for patients with smaller lesions, without ‘‘grave signs" and 
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without clinically positive nodes, (Stage 1). I don't think it's really 
justifiable economically to order a scan for some of these patients. 

On the other hand, I would feel very uncomfortable about not 
ordering scans today on Stage 2 cases. For Stage 3 cases as we 
stage them, we often call them ''borderline opezable’’ at our in- 
stitution, we also like to add other staging maneuvers in addition 
to the scan. We routinely do bone surveys. We routinely do scalene 
node biopsies also. In the last 35 patients in this group we have had 
something in the range of 20% histologically positive scalene node 
biopsies. Again this is done with the same aim of trying to restrict 
aggressive surgery, as Dr. Fisher has pointed out, to those patients 
who are more likely to benefit. 


Dn. JOHN STRICKLIN SPRATT, JR. (Louisville, Kentucky): In the ab- 
sence of a clinical trial using bone scan results as the basis for select- 
ing management methods correlated with end results, the signif- 
icance of scans is yet to be fully defined. For example, removal of 
the primary by mastectomy may remove an antibocy sink, and bone 
metastases may behave more indolently. 

In the absence of such a trial, the use of routine bone scans 
only adds to the economic morbidity of breast cancer. 


DR. R. ROBINSON BAKER (Closing discussion): Dr. Fisher asked 
if any effort was made to select these patients. The answer is no, 
we made no effort at patient selection. All of my patients and 
all of the patients coming through the Breast Clinic had preoper- 
ative bone scans. In addition, most of the other staff members also 
obtained preoperative bone scans during this period of time. 

In answer to Dr. Lawrence’s question, staging was accomplished 
according to the TMN Staging System as proposed oy the American 
Joint Committee for Cancer Staging and End Results Reporting. 
When this staging system is employed, patients with Stage I and 
Stage II disease whether they have palpable axillary lymph nodes 
or not, do not have a significant incidence of metastatic bone 
disease which can be detected by a bone scan. 

I believe that breast cancer is, in general, a systemic disease. 
This study was undertaken to try to identify more precisely those 


. patients who had evidence of systemic metastases and would there- 


fore benefit from systemic chemotherapy. Unfortuaately, we have 
not been able to identify those patients with occult systemic 
metastases. : 


Control of Bleeding Varices by Vasopressin: 


A Prospective Randomized Study 


WILLARD C. JOHNSON, M.D., WARREN C. WIDRICH, M.D., JACK E. ANSELL, M.D., ALAN H. ROBBINS, M.D., 


From July 1975 to November 1976 25 patients with bleeding 
esophagogastric varices documented by endoscopy who failed 
- to respond to conservative medical treatment were transferred 
to the Surgical Service. These patients, whe were mainly 
Child's Class “C” alcoholic cirrhotic patients, were treated 
with vasopressin infused continuously using a standardized 
dose into either a peripheral vein or the superior mesenteric 
artery (SMA) according to a predetermined randomization. 
No significant difference in efficacy for control of bleeding 
(average rate = 56%) related to route of administration was 
found. Because catheter-related complications in the SMA 
group were significantly greater, we concluded that the method 
of choice in vasopressin treatment of esophagogastric variceal 
bleeding is a continuous infusion by way of a peripheral vein. 


ONTROL OF ACUTE GASTRO-ESOPHAGEAL Variceal 
hemorrhage in patients with portal hypertension 
is a difficult problem for which there is no definitive 
solution. Current recommendations include emergency 
porto-caval shunt surgery,? Sengstaken-Blakemore 
(S-B) tube insertion? blood and coagulation factor 


-replacement, and vasopressin administration. The 


vasopressor effect of pituitary extracts was noted by 
Oliver? in 1895 and the effect of decreased portal 
pressure was observed by Clark in 1928.* Successful 
control of variceal bleeding in two patients with a 
bolus intravenous injection of 20u of vasopressin 
was reported by Kehne et al./$ in 1956. Bolus in- 
travenous vasopressin subsequently received wide- 
spread clinical application.^?*25 The problems of 
severe systemic effects and, frequently, a tendency 
to rebleed after initial control was achieved prompted 
Nusbaum et al.'? in 1968 to recommend the tech- 
nique of continuous infusion of vasopressin into the 
superior mesenteric artery. More recently Thomford 
et al? and Barr et al? have noted that continuous 
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peripheral intravenous infusion of vasopressin appears 
to affect portal pressure to the same extent as infu- 
sion through the superior mesenteric artery. Their 
findings were also consistent with observations of 
other investigators?!5 that the systemic effect of 
vasopressin on coronary artery flow and cardiac 
output was similar regardless of site of administration. 
In 1975 Sirinek et al. suggested that, since selec- 
tive infusion of vasopressin into the SMA requires 
special equipment and personnel, delays administra- 
tion of the drug, introduces the hazards of arterial 
catheterization, and may not avoid potentially unde- 
sirable side effects, the continuous administration of 
vasopressin through a peripheral vein may be prefer- 
able. The purpose of this prospective randomized 
study was to evaluate the two routes of vasopressin 
administration in patients with severe liver disease 
and life-threatening hemorrhage with regard to efficacy 
of bleeding control and occurrence of undesirable side 
effects. : 


Patient Selection and Methods 


From July 1975 to November 1976 patients with 
bleeding gastric and/or esophageal varices documented 
by endoscopy who failed to respond to lavage, ant- 
acid therapy, and blood and coagulation factor replace- 
ment were transferred from the Medical Service 
to the Surgical Intensive Care Unit. Each patient was 
treated with continuous vasopressin and the route of 
administration was determined by a random number 
table. No patient with bleeding varices was excluded 
as being too sick or because of coagulopathy or con- 
current gastritis. 
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Fic. I. Schematic representation of the treatment of variceal 


hemorrhage by continuous vasopressin infusion: Group 1, by periph- 
eral vein; Group 2, by SMA catheter. 


Vasopressin was administered with an IVAC 500 
infusion pump (IVAC Corp., San Diego, Ca.) (Fig. 1). 
The dose of vasopressin was standardized and given 
at a continuous rate of 0.4 u/min until bleeding stopped 
or for 24 hours. After control, vasopressin was 
reduced to a rate of 0.2 u/min for 24 hours, then 0.1 
u/min for the next 24 hours. Saline was infused for a 
further 24 hours before discontinuation of treatment. 
If re-bleeding occurred while the catheter was in 
place, the initial dose was reinstituted and the wean- 
ing process was begun again. It was noted that a reduc- 
tion of the initial dosage to 0.2 u/min was required 
before bleeding was controlled because of cardiac 
defects. Catheterization for direct arterial infusion 
was accomplished in the following manner. Arteriog- 
raphy of the celiac and superior mesenteric arteries 
was performed. A steam-shaped Becton-Dickenson 
RPX catheter (I.D., 0.054 inch tapered over a 0.045 
inch guide-wire) was inserted through a femoral artery 
and positioned into the superior mesenteric artery 
under fluoroscopic control. To enhance visualization of 
the mesenteric venous system, portal vein and gastro- 
esophageal varices, papaverine hydrochloride, 45 mg, 
was given intra-arterially immediately prior to methyl- 
glucamine iothalamate, 80 ml, for arteriography. Four- 
teen films were exposed during a 24-second period 
and a fifteenth film was exposed 30 seconds later. 
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If there was no extravasation of contrast medium 
and if gastro-esophageal varices alone were demon- 
strated, the catheter was left in position. If the right 
hepatic artery originated from the SMA, the catheter 
was repositioned to a more peripheral location to avoid 
vasopressin perfusion of the liver. The arterial punc- 
ture site was treated by ''defatting" with alcohol, 
application of betadine ointment to the catheter and 
an occlusive dressing. The dressing was changed every 
24 hours and catheter care was repeated. 

During vasopressin therapy, patients were followed 
with continuous cardiac monitoring and serial EKGs. 
Liver function tests and coagulation studies were also 
performed. Blood was collected in 3.896 sodium 
citrate (1:10 dilution) for coagulation studies and in 
EDTA for platelet counts. Platelet-poor plasma was 
separated by centrifugation at 2000 g x 15 minutes at 
4? and the samples were tested immediately. The 
following hematological studies were done; prothrom- 
bin time, activated partial thromboplastin time, throm- 
bin time, fibrinogen concentration, fibrinogen degrada- 
tion products, platelet counts and bleeding time. A 
clinically important coagulation deficit was defined 
as a prothrombin time greater than five seconds 
above control, a partial thromboplastin time greater 
than 15 seconds above control or a platelet count 
or less than 50,000. Vitamin K, fresh-frozen 
plasma and platelet transfusions were given as indi- 
cated. All patients were treated with antacids, via 
nasogastric tube while actively bleeding, and then with 
oral administration of 30cc Mylanta II$ (Stuart Phar- 
maceuticals, Wilmington, De.) Control of bleed- 
ing was defined as not requiring more than 1000cc 
of blood replacement during vasopression infusion and 
for 15 days thereafter. Temporary control of bleeding 
was defined as not requiring more than 1000cc of blood_ 
replacement during vasopressin infusion, but blood 
replacement totalling more than 1000cc was required 
due to rebleeding in the 15 days following dis- 
continuation of vasopressin. Combined control of 
bleeding was defined as control of bleeding ac- 
complished, after initial failure of vasopressin alone, 
with the addition of a Sengstaken-Blakemore tube; 
transfusion requirements for 15 days thereafter were 
less than 1000cc. 


Results 


Because of the development of two major catheter 
complications in the SMA group, results were tabulated 
when 25 patients had been studied. The groups were 
comparable in severity of illness. All patients had 
a history of heavy alcoholic intake and more than 85% 
of patients in each group had Class ''C"' liver disease 
by Child’s Classification. The average blood loss before 
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introduction into the study was seven to eight units 
for each group. About 4076 of patients in each group 
had evidence of a clinically important coagulopathy. 
A few patients in each group had both bleeding 
varices and gastritis (Table 1). 


Control of Bleeding 


Bleeding was controlled during infusion and for 15 
days after vasopressin administration in 50% (7/14) of 
the SMA group and in 64% (7/11) of the peripheral 
vein group (Table 2). This difference is not statistically 
significant. Eight patients (four in each group) failed 
to respond to vasopressin therapy. Sengstaken-Blake- 
more tubes were inserted into these patients and this 
combined therapy was successful in two patients in 
each group. Four patients, each of whom had severe 
coagulopathy, exsanguinated; two of these patients 
were in the SMA group and two were in the peripheral 
vein group. Three patients in the SMA group rebled 
during the 15-day period following discontinuation of 
infusion. Bleeding was subsequently controlled in these 
patients by either peripheral vein vasopressin or an S-B 
tube. 


TABLE 1. Patient Data Profile 


Vasopressin Infusion via 


SMA Peripheral 
Catheter Vein 
No. patients entered 14 11 
History and Physical Examination 
1 
Heavy alcohol consumption 14 11 
Average no. units blood before 
randomization in current 
hospitalization 8.0u 73u 
Diagnosis: 
Bleeding varices 12 9 
Bleeding varices and gastritis 2 2 
Child's “C” classification 12 10 
Encephalopathy 
(moderate) 2 1 
(mild) 5 4 
(absent) 7 6 
Ascites 
(tense) 5 5 
(present) 5 4 
(absent) 4 2 
Laboratory Data 
Average total bilirubin (mg%) 3.5 5.0 
Average serum albumin (g%) 2.68 2.60 
Average no. sec PT above control 4.2 i 4.8 
Average no. sec PTT above control 10 12 
Average platelet count 115,000 107,000 
Presence of clinically important coag- 
ulation deficits 6 pts 5 pts 
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TABLE 2. Control of Bleeding 


Vasopressin Infusion 


Via 
SMA Peripheral 
Catheter Vein 

Control — during and after vasopressin 7 7 
Temporary control — during vasopressin 

only 3 0 
Combined control—vasopressin and S-B 

tube 2 2 
Exsanguination 2 2 
Total no. patients 14 11 


Catheter Related Complications 


Two patients in the SMA group sustained significant 
catheter-related complications (Table 3). Subintimal 
dissection leading to occlusion of the SMA orifice 
occurred in one patient. Bleeding was controlled for 
11 days with a combination of Sengstaken-Blakemore 
tube insertion for 24 hours, followed by intravenous 
vasopressin and left gastric vein occlusion, but this 
patient died with multiple organ failure. At autopsy 
there was no evidence of ischemic bowel disease. 
The second patient developed a septic femoral pseudo- 
aneurysm which ruptured and required proximal liga- 
tion of the external iliac artery and distal ligation of 
the superficial femoral artery. This patient survived 
and now has claudication at 100 yards after brisk 
walking. 

Five patients had minor catheter-related complica- 
tions. In the SMA group, two patients developed 
small hematomas at the insertion site, one patient had 
groin bleeding of a degree to require catheterization 
of the other groin, and one patient had a superficial 
sepsis at the groin puncture site. In the peripheral 
vein group, one patient developed forearm phlebitis. 
With regard to catheter-related complications, the 
groups are significantly different (p = 0.065). 


Cardiac Effects 


No patient in either group sustained myocardial 
infarction as evidenced by serial EKGs. Arrythmias 


TABLE 3, Complications of Vasopressin Infusion 


Vasopressin Infusion Via 


SMA Peripheral 
Catheter Vein 
No. patients entered 14 li 
Major catheter complications 2 0 
Minor catheter complications 4 I 
Cardiac arrhythmias 6 1 
30-day mortality 4 5 
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were noted in 6 patients in the SMA group (three 
bradycardias, two PVCs and one Wenckebach phe- 
nomenon). One patient in the peripheral vein group 
developed Wenckebach phenomenon. Arrhythmias re- 
sponded to reduction of the vasopressin dose from 
0.4 u/min to 0.2 u/min in all but one patient who re- 
quired the addition of a slow drip lidocaine infusion 
to control persistent PVCs. Isuprel (isoprotorenol 
hydrochloride) was not administered. 


Patient Survival 


The 30-day survival rate for the entire series was 
6496 (16/25), and currently 4896 (12/25) of the patients 
are alive 6 to 21 months following entry into the study. 
Of the patients with clinically important coagulopathy, 
45% survived for 30 days, whereas 79% of the patients 
without coagulation deficits survived. This difference 
is not statistically significant. In surviving patients, 
the average maximum serum bilirubin increase during 
vasopressin infusion was 2.7 mg% in the peripheral 
vein group and 2.5 mg% in the SMA group. Thirty 
' days later the average serum bilirubin level was 2.1 
mg% in the SMA group and 2.2 mg% in the peripheral 
vein group. In general, we were unable to statistically 
correlate survival with serum bilirubin. 

The best prognostic factor of long-term survival 
was the initial response to vasopressin therapy. Of the 
14 patients whose bleeding was controlled during 
and after vasopressin therapy (Table 2), 11 patients 
survived. Of the 11 patients who were classified as 
Temporary Control, Combined Control or Exsanguina- 
tion, only one patient is alive in the 6 to 21 month 
follow-up period. This observation is highly significant 
(p « 0.01). 


Statistical Analysis 


By Student's “t” test for unpaired data, we found 
no difference in the efficacy of vasopressin in control 
of acute gastro-esophageal variceal bleeding related to 
route of administration. When the groups were com- 
pared with regard to catheter-related and cardiac com- 
plications as well as ability to control bleeding, it was 
noted that a difference was significant (p « 0.04) by 
Fischer's Exact Test? and that the peripheral vein 
group appeared to fare better. It, therefore, was 
evident that the only clinical justification for con- 
tinuation of the study would be with the hypothesis 
that SMA infusion of vasopressin was more effec- 
tive in the control of hemorrhage than peripheral vein 
infusion. It was calculated that with an assigned beta- 
error of 20% and alpha error 5%, a sample size of 
' 336 patients would be required to statistically validate 
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a 15% therapeutic benefit. Since the results of our 
study of 25 patients showed a control rate of 64% for 
peripheral vein vasopressin and a control rate of 50% 
for SMA vasopressin, it seemed very unlikely that the 
SMA route could be 15% more effective than the 
peripheral vein. By lowering our expectations to 
demonstrate a 10% difference in therapeutic efficacy, 
it would be necessary to evaluate a sample size of 
nearly 600 patients. Weighing our experience with 
catheter complications as well as other reports in the 
literature,*-44193 it can be expected that 15 major and 
45 minor complications would be likely to occur during 
a study of this scope. 


Discussion 


Nusbaum et al.!? reported a 98% success rate in 
bleeding control with superior mesenteric arterial infu- 
sion of vasopressin. In 1975 we reviewed our experi- 
ence with 49 patients and those of other investiga- 
tors. * While variceal hemorrhage was initially con- 
trolled by SMA vasopressin infusion in 80% of the 
reported 181 cases, complete control was obtained in 
50%. Since patients with upper gastrointestinal bleed- 
ing are frequently treated conservatively before vaso- 
pressin infusion is instituted, a ‘‘selection process” 
may explain the difference in success rate that we and 
others have found with SMA vasopressin therapy. 
Our success rate with intravenous vasopressin in un- 
controllable bleeders in the present study is com- 
parable to the experience we reported in 1975 with 
SMA infusion in a similar patient population. 

Vasopressin is known to exert an intense vasocon- 
strictor action on the prehepatic splanchnic viscera 
and this effect is generally believed to be the cause 
of the reduced portal pressure which usually follows. _ 
Texter and co-workers?? have concluded that the in- 
crease in resistance occurs largely in the-small vessel 
segment from small artery to small vein. Eiseman et al.? 
and Johnson et al.?? have suggested that the increased 
resistance in response to vasopressin occurs in sub- 
mucosal arteriovenous shunts. The observation by 
Erwald et al. that prehepatic splanchnic oxygen 
uptake is unchanged during vasopressin administration 
would tend to support the latter theory. Shepherd 
et al.” have reported a close relationship between 
Rb extraction and oxygen uptake in perfused gut 
loops and have suggested that oxygen uptake may be 
a reliable means of measuring the degree of capillary 
perfusion. The observation by Erwald et al.’ that 
mesenteric oxygen uptake is unchanged during vaso- 
pressin infusion is more consistent with a direct effect 
of vasopressin upon submucosal arteriovenous com- 
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munications than with a major effect of vasopressin 
on the small vessel segment, since a reduction in 
capillary perfusion would presumably be reflected in 
decreased mesenteric oxygen uptake. The suppression 
of portal venous Po; in response to vasopressin noted 
by Millette et al.‘ is also consistent with an effect of 
vasopressin to. close off submucosal arteriovenous 
communications. 

Regardless of the major site of action, it is clear 
that the effect of vasopressin on the prehepatic splanch- 
nic vasculature results-in a. diminution of blood flow- 
ing through the portal vein. That a decrease in portal 
blood flow is not always accompanied by a propor- 
tional decrease in portal pressure has been noted by 
Millette et al.1® Our findings (unpublished) and those 
of Nusbaum et al.? and Barr et al.? also suggest that 
many cirrhotic patients do not respond to vasopressin 
infusion with notable reductions of portal venous 
pressure. This observation is not surprising in the 
cirrhotic patient where direct transmission of hepatic 
arterial pressure to the portal venous system may occur 
as a result of severe distortion of the hepatic archi- 
tecture and of an increased number of presinusoidal 
hepatic artery to portal vein communications.?? 

The intense and sustained vasoconstrictive effects 
of vasopressin on the prehepatic vasculature are con- 
fined to the splanchnic vessels. The effect of vaso- 
pressin on hepatic arterial vessels is transient, lasting 
less than five minutes, and is frequeritly followed by 
increased arterial flow." Erwald has demonstrated that 
in conscious alcoholic patients there is a compensatory 
increase in hepatic arterial flow when portal blood 
flow is reduced during vasopressin administration. 
Hepatic oxygen uptake remains the same.!? 

Vasopressin has been effective in controlling bleed- 


4. ing from gastro-esophageal varices despite minimal 


ue 


reductions in portal pressure. The mechanism for this 
is unclear. It may be that with reduced blood flow 
in the portal vein, the kinetic energy of portal blood 
is dissipated in the hepatofugal flow toward the varices 
and that the pressure within the varix is not necessarily 
that within the portal vein. In an angiographic study 
in the dog, Aronsen and Nylander! have observed 
the radiographic disappearance of submucosal esoph- 
ageal varices during vasopressin infusion. Our impres- 
sion that a direct response of vasopressin to shut off 
submucosal arteriovenous communications may be re- 
lated to this observation is, of course, conjectural. 
The theory proposed by Aronsen and Nylander’ and 
others?? that the submucosal varices are compressed 
by vasopressin-induced contracture of the muscle layer 
of the esophageal wall is difficult to reconcile with 


the experimental evidence that suggests that stimu- ` 
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latory effects of vasopressin on the gastrointestinal 
tract are limited to propulsive waves and that intes- 
tinal tone in man and dog is depressed by vaso- 
pressin.? The mechanism by which variceal bleeding 
control is sustained after vasopressin is discontinued 
is also: not clearly understood. Possible reduction in 
intra-variceal pressure would not be sustained after 
discontinuation of the drug, however, vasopressin.may 
induce thrombosis in the vessel. Healing of an area 
traumatized by heavy alcohol intake or reflux esoph- 
agitis may also occur during the period of. vasopressin 
control as a result of antacid therapy. During this time 
correction of coagulation deficits may contribute to — 
bleeding control when. vasopressin is discontinued. ` 

We have found the continuous infusion of vaso- 
pressin to be useful in the treatment of massive gas- 
troesophageal variceal bleeding. It is our impression 
that the intravenous route is as effective as the direct 
intra-arterial route and we now employ it almost ex- 
clusively. Cardiac arrythmias appear to be dose-related 
and problems rarely occur with vasopressin doses of. 
0.2 u/min or less. Sirinek and Thomford?* have sug- 
gested that- Isuprel may, be useful in counteracting 
vasopressin-induced ‘bradycardia and cardiac output 
reduction. Although none of the patients in our study 
sustained evidence of myocardial infarction, the known 
constrictive effect of vasopressin on coronary arteries 
has made us reluctant to use a drug which increases 
oxygen demand of the heart. — 

Our current method’ of treatment of the cirrhotic 
patient presenting with massive variceal bleeding 
is, briefly, as follows: 1) The patient is treated 
with continuous intravenous vasopressin in a stand- 
ardized dosage described in this study, and 
receives overall support, antacid therapy and cor- 
rection of coagulation deficits. 2) If bleeding is 
not controlled by vasopressin infusion, the Sengs- 
taken-Blakemore tube is inserted to manage the acute 
bleeding episode, followed by transhepatic obliteration 
of the left gastric vein for more permanent control.” 31 
3) If control of bleeding is still not attained, an emer- 
gency shunt procedure i is performed. In our experience, 
failure to control bleeding is rare in patients without 
severe coagulopathy. 4) When bleeding is controlled, 
four to six weeks of hospitalization is recommended 
to provide nutritional support, to improve liver func- 
tion, and to institute diuretic therapy for ascites. 
Percutaneous transhepatic portography is performed 
to determine the specific flow characteristics of the 
portal and splanchnic venous systems.*! 5) Finally, 
selective spleno-renal shunting procedures are per- 
formed, when possible, in an effort to obviate recur- 
rent bleeding episodes and the high incidence of 
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encephalopathy observed after standard porto-caval 
shunt procedures. 


Acknowledgment 


The authors wish to thank Dr. Shigeru Ochi, biostatistician, 
V. A. Hines Cooperative Studies Program Coordinating Center, 
for assistance with the statistical analysis. 


References 


1. Aronsen, K. F. and Nylander G.: The Mechanism of Vaso- 
pressin Hemostasis in Bleeding Esophageal Varices. An 
Angiographic Study in the Dog. Acta. Chir. Scand., 131: 
443, 1966. 

2. Barr, J. W., Larkin, R. C. and Rosch, J.: Similarity of Arterial 
and Intravenous Vasopressin on Portal and Systemic Hemo- 
dynamics, Gastroenterology, 69:13, 1975. 

3. Bauer, J. J., Kreel, I. and Kark, A. E.: The Use of the 
Sengstaken-Blakemore Tube for Immediate Control of Bleed- 
ing Esophageal Varices. Ann. Surg., 179:273, 1974. 

4. Berardi, R. S.: Vascular Complications of Superior Mesenteric 
Artery Infusion with Pitressin in Treatment of Bleeding 
Esophageal Varices. Am. J. Surg., 127:757, 1974. 

5. Clark, G. A.: Comparison of the Effects of Adrenalin and 
Pituitrin on the Portal Circulation. J. Physiol. 66:274, 1928. 

6. Colton, T.: Statistics in Medicine. Boston, Little Brown and 
Co., 1974. 

7. Conn, H. O. and Dalessio, D. H.: Multiple Infusions of Pos- 
terior Pituitary Extract in the Treatment of Bleeding Esoph- 
ageal Varices. Ann. Intern. Med., 57:804, 1962. 

8. Eiseman, B., Silen, W., Tyler, P. and Earley T.: The Portal 

2 Hypotensive Action of Pituitrin. Surg. Forum, 10:286, 1959. 

9. Ericsson, B. F.: Hemodynamic Effects of Vasopressin. An 
Experimental Study in Normovolaemic and Hypovolaemic 
Anaésthetized Dogs. Acta Chir. Scand., Suppl. 414, 1971. 

10. Erwald, R., Wiechel, K. L. and Strandell, T.: Effect of Vaso- 
pressin on Regional Splanchnic Blood Flows in Conscious 
Man. Acta Chir. Scand., 142:36, 1976. 

11. Hanson, K. M: Vascular Response of Intestine and Liver 
to Intravenous Infusion of Vasopressin. Am. J. Physiol., 
219:779, 1970. 

12. Ingelfinger, F. J.: The Modification of Intestinal Motility by 
Drugs. N. Engl. J. Med., 229:114, 1943. 

13. Johnson, L. L., Nelson, H. M. Jr., Hardesty, W. H. and 
Peskin, G. W.: Enteric Arteriovenous Anastomoses and 
Their Contribution to Portal Hemodynamics. Surg. Forum, 
11: 272, 1960. 

14. Johnson, W. C. and Widrich, W. C.: Efficacy of Selective 
Splanchnic Arteriography and Vasopressin Perfusion in Diag- 
nosis and Treatment of Gastrointestinal Hemorrhage. Am. J. 
Surg., 131:481, 1976. 

15. Kaufman, S. L., Maddrey, W. C., Harrington, D. P. and 
White, R. I. Jr: Hemodynamic Effects of Intra-Arterial 


DISCUSSION 


Dr. WILLIAM S. BLAKEMORE (Toledo, Ohio): First of all, there 
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Pituitrin is effective, and maybe just as effective, as intraarterial. 
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greater than those in the hands of experienced angiographers. There 
has been a continued emphasis since introducing the technique that 
those people who know how to do it should do it, and that those 
people who are learning should do it only under close supervision. 

Secondly, the cardiac arrhythmias are on twice the recommended 
dose, and it was recommended, and has always been, that the dosage 
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intra-arterially be monitored by repeat angiographv after a short 
interval of initiating treatment. 

Thirdly, the arguments related to the use of this in portal hyper- 
tension should not be confused with the rationale for use of this for 
other modalities, such as drug infusion, superselective catheteriza- 
tion, of varices, for arterial bleeding, and selective embolectomy, 
all of which are still under trial, and may also come under such 
critical review. 

We're thankful to Stephen Wangensteen and a student from 
Charlottesville, as a matter of fact, for pointing out the side effects 
of equal dosage of intraarterial and intravenous Pituitrin in patients 
with cardiac lesions. 

Therefore, I think that the answers are not here; that you could 
equally take from the data that we have in the abstract that, be- 


b 


P 
\ 


Vol. 186 e No. 3 


cause more people survive, you ought to give it intra-arterially, 
which I think none of us could really defend. The series are too 
small; I think we just need some more experience with it. 


Dr. MARSHALL J. ORLOFF (San Diego, California): This study is 
yet another nail in the coffin of selective mesenteric intra-arterial 
vasopressin therapy for bleeding esophageal varices. It demonstrates 
in a prospective, randomized clinical trial what we have contended 
for the past 7 years, and what a number of other investigators 
have shown in a variety of laboratory experiments and clinical 
studies; namely, that infusion of vasopressin into the mesenteric 
arteries is not significantly different from infüsion of vasopressin 
into a systemic vein, in terms of the effect on portal pressure; con- 
trol of bleeding varices, and systemic side effects. 

Most important, this study demonstrates thàt mesenteric intra- 
arterial infusion is associated with some serious complications re- 
lated to arterial catheterization, and, of course, it is substantially 
more difficult and time-consuming than the very simple infusion of 
vasopressin into a peripheral vein. 

The results of this study, combined with a wealth of evidence 
from other studies, I believe should make it clear to everyone that, 
No. 1, there are very few indications for the use of selective 
mesenteric intra-arterial vasopressin in the treatment of varix hemor- 
rhage, and, No. 2, systemic intravenous vasopressin is extremely 
effective in obtaining initial hemostasis. 

(Slide) During the past 15 years we have given systemic intra- 
venous vasopressin by single bolus injection to every patient ad- 
mitted to our hospital with bleeding esophageal varices within one 
hour of entry into óur emergency room. As this slide shows, systemic 
intravenous vasopressin controlled the varix hemorrhage initially in 
about 9596 of the patients. Consequently, intravenous systemic 
vasopressin has almost completely replaced esophageal balloon 
tamponade as our means of immediately controlling the bleeding. 

There are two aspects of this report in which our group and 
Dr. Johnson and his colieagues part company, neither of which 
detracts from the value of their work. The first concerns the systemic 
cardiovascular effects of vasopressin, and the difference in these 
effects between single bolus injection, which we use, and continuous 
infusion, which Dr. Johnson's group employs. 

As we all know, vasopressin is a very potent vasoactive 
drug which depresses cardiac output, that's been demonstrated be- 
yond question. Occasionally this produces cardiac arrhythmias, and 
is capable of producing myocardial infarction in patients with 
cardiovascular disease. As the study of'Johnson's group demon- 
strates, there is little question that these cardiovascular effects are 
much greater and much more prolonged when vasopressin is in- 
fused continuously than when a'single bolus injection is given. The 
total dose is somewhere between 50 and 100 times greater. 

I think this difference is important, because the majority of 
bleeding cirrhotic patients have a hyperdynamic cardiovascular 
state, and some of them— perhaps as much as ten per cent, die 
from cardiac decompensation. 

The second point àt which we part company concerns the primary 
objective of vasopressin therapy. Both of our studies demonstrate 
that vasopressin is not a definitive form of treatment, and that 
many patients in our experience (8325) resume bleeding shortly after 
the drug treatment is stopped. We use vasopressin simply to buy 
a bit of time to perform the diagnostic workup and prepare the 
patient for an emergency portacaval shunt within eight hours. — 

Dr. Johnson and his associates use vasopressin to buy alot of time, 
in the hope that the patient can be prepared for an elective portal 
systemic shunt over a period of four to six weeks. 

Our prospective studies in unselected patients (all comers in- 
cluded) during the past 15 years indicate clearly that this hope is too 
infrequently realized, and that the use of single bolus intravenous 
vasopressin, followed by emergency portacaval shunt within eight 
hours, results in a highly significant increase in long-term survival 
of the bleeding cirrhotic population, compared to the traditional 
approach of trying to prepare the bleeding patient for an elective 
operation. 

Ithink this is a significant contribution, one that can be added to 
a number of other recent contributions, that both emphasize the 
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value of systemic vasopressin as a hemostatic agent in this serious 
disease and at the same time cast a great deal of doubt about the 
indications for selective mesenteric intraarterial vasopressin in 
bleeding esophageal varices associated with cirrhosis. 


Dr. Harry H. LEVEEN (Brooklyn, New York): The hemodynamic 
variable which relates pressure to the other variables is that pres- 
sure is equal to flow times resistance. There are two ways of 
reducing portal vein pressure: to lower the venous resistance to 
outflow, or to constrict the arterial inflow, so as to put less blood 
into the portal system. Vasopressin is supposed to do the latter. 
It’s supposed to vasoconstrict the arterial inflow.. 

We have studied the selective use of vasoconstrictors by putting 
them intó the peritoneal cavity, where they belong, and we can 
demonstrate significant reductions of arterial inflow. The reason for 
putting them in the peritoneal cavity is that those vasopressor 
materials will be absorbed into the portal circulation and, hope- 
fully, destroyed by the liver. 

Obviously, we needed to know which vasopressors would be most 
rapidly destroyed, so that there would be no systemic effect, and 
only a topical, or local, effect on the systemic circulation. To see 
this, we infused various vasopressor materials into the umbilical 
vein of normal human adults. We found that vasopressin and 
angiotensin were not as completely destroyed as was norepinephrine, 
which was the most rapidly destroyed of all the vasopressors. Since 
norepinephrine has no other pharmacologic activity, if we could 
prevent thé systemic action of this drug by its total destruction 
in the liver, this would result in the ideal selective vasocon- 
striction. 

In the normal person one can inject as much as eight milligrams, 
two ampoules, of norepinephrine — Levophed— diluted, intraperi- 
toneally, in a single push. 

Of course, there are some internal shunts in patients with 
cirrhosis, so some of this may spill over into the systemic 
circulation. But this can easily be controlled with an alpha blocker, 
phentolamine. When vasopressin is infused intra-arterially, the same 
shunts with the same resulting situation are applicable, and you 
can't neutralize the spillover with an alpha blocker. 

My primary objection to this study i is that cessation of bleeding 
is taken as, the end point, and it is assumed that the portal vein 
pressure has dropped. There are too many other variables that cause 
portal vein pressure to drop during the clinical course of a patient 
with ‘bleeding. One is a simple drop in blood pressure. A drop in 
blood pressure will markedly drop the portal vein pressure. l 

Recently, we have investigated the hemodynamic factors which 
result from a peritoneojugular shunt. After you put this ascitic 
fluid intravenously, as you can imagine, there’s a marked expan- 
sion of the blood. volume, and a dramatic increase in cardiac 
output. The problem that-we were worried about is that in the liter- 
ature it's reported that portal vein pressure would rise. So we meas- 
ured the wedge pressure in the liver. And, IS and behold, the wedge 
pressure fell. 

The reason the wedge pressure falls is ‘that the rheology is so 
aes Pn the resistance of the blood is so reduced that the 
blood, , the venous outflow, is so low that the pressure cari 
fail aur than a half. 

Now, we were so struck by this, we investigated this in cirrhotics 
with hypertension, without ascites or varices, under normal cardiac 
outputs, and we found that by giving them packed cells and raising 
their hematocrits we could raise the portal vein pressure; by hemo- 
diluting them we could lower the portal vein pressure. 

Recently, we have treated one patient by marked hemodilution. 
and that patient also stopped bleeding. 

My preference for the treatment of acute esophageal variceal 
bleeding would still be intraperitoneal norepinephrine, and perhaps 
to this regimen I might now add hemodilution. 


Dr. WILLARD C. JOHNSON (Closing discussion): In answer to com- 
ments made by Dr. Blakemore, one should not confuse catheter 
complication rates in healthy people with rates derived from pa- 
tients who are cirrhotic, malnourished and hypovolemic, and who 
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have had a catheter in place for several days. Since August, 1970, 
over 3,500 angiograms have been performed at the Boston Veterans 
Administration Hospital either by or under the supervision of the 
same angiographer. Thirteen cases (.37%) required surgical inter- 
vention (thrombectomy or embolectomy) due to complications from 
angiography. Fatal complications occurred in three patients (.086%). 

Secondly, the dosage of 0.4 units/min of Pitressin used in our 
study to initially control hemorrhage was arrived at from our 
previous four years’ experience with the drug before initiating 
this study. We found that the higher dosage achieves an early 
control in most of our patients, and the dosage can be lowered to 
0.2 units/min for maintenance of bleeding control. Today, however, 
there is data in the literature to show that vasopressin’s effect 
upon superior mesenteric arterial flow is not dose-related, but that 
it maximally reduces flow at a dose between 0.2 and 0.4 units/min. 
Also, there has been no evidence of gastrointestinal ischemia in 
our patients. Erwald of Sweden studying cirrhotic humans 
found that oxygen uptake by the gut is not affected by vasopressin, 
which indicates that it does not interfere with nutritional blood fi flow. 
My feeling, therefore, is that the initial dosage’ of 0.4 units/min i is 
safe. : 
I am not sure that I agree with Dr. Orloff that the potential 
toxicity of vasopressin is related to a cumulative dose and that 
bolus therapy has inherently less toxicity. I know of no study 
“comparing toxicity with each manner of administration. Thefe is 
being developed a radioimmunoassay that will. allow detection of 
circulating vasopressin., This test will result in better control of dose 
administration. ‘Secondly, cardiac output changes associated with 
vasopressin: infusion in patients who are not actively bleeding re- 
vealed a 20% reduction, but usually only from a level of ten to 
eight liters per minute. In our patients. this lower output does not 
seem to be significant. 
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“With regard to the potential antidiuretic effect of vasopressin, 
we rarely see significant depression of urinary output during this 
two or three day infusion. One would think that if there was signif- 
icant reduction in cardiac output, this would be reflected in a de- 
creased urine output. 

The next slide provides some answer to Dr. Orloff's, question 
about survival of these patients. The 30-day survival rate in this 
series was 64%, but I want you to remember that these pa- 
tients had failed on all other conservative forms of therapy, and had 
received eight units of blood before vasopressin therapy was initiated 
and all patients were Child’s Class C cirrhotic. At this time, 
which is six to 21 months following the hemorrhage, 11 of 14 pa- 
tients who were initially controlled by vasopressin infusion are alive, 
while only one of 11 who were not initially controlled by vasopressin 
is alive. These statistics have led us to believe that the initial re- 
sponse to vasopressin is a very valuable prognostic indicator. In 
addition, none of the patients alive today has any sign of en- 
cephalopathy. Given time to allow hepatic function to improve, to, 
treat ascites and coagulation problenis, we then recommend elective 
distal ‘spleno-renal shunt surgery. 

I enjoyed Dr. LeVeen’s comments and would like to discuss one 
issue, that is, the mechanism of vasopressin. It has been assumed 
that the effect of vasopressin is related to reduction of portal pres- 
sure; but I would like to’ acquaint you with some of the work that 
was done by Aronsen and his colleagues in Sweden. They showed 
in an experimental angiographic model of ‘esophageal varices that, 
during infusion of. vasopressin, flow of blood from . outside ‘the 
esophagus. to inside the esophagus was stopped, and that the 
varices on the inside of the esophageal wall were’ no longer 
angiographically apparent. Aronsen felt the result was not necessarily 
due to'a reduction of portal pressure, but rather related to a local 
esophageal effect. 
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Gore-Tex vascular grafts 
AFTER 15,000 IMPLANTS, 1,600 FOLLOW-UPS. 





86% OVERALL PATENCY IN ARTERIAL RECONSTRUCTION IN LOWER EXTREMITIES, 





It is time to consider 
GORE-TEX reinforced expand- 
ed polytetrafluoroethylene 
(PTFE) vascular grafts as a 
viable alternative to saphenous 
vein autografts. 

Preferable, in many cases, 
to woven and knit synthetics 
or bovine heterografts. 

Published laboratory and 
clinical testing reports have 
been consistently favorable. 
(A full bibliography and 
offering of reprints is on the 
final page of this advertise- 
ment.) 

Over 1,600 post-operative 
follow-ups have been reported 
to us, through the kind co- 
operation of surgeons who 
have used GORE-TEX PTFE 
grafts in a variety of proce- 
dures. A summary of those 
follow-ups appears below. 

And, today, GORE-TEX 
reinforced PTFE grafts are in 
regular use in hospitals 





Table 1: Summary of Clinical Evaluation Data, AV Fistulae, 
Pulmonary Grafts, Venous Grafts, Patches, Others. As of May 27, 1977. 
Number Number 
Type of operation Implanted Patent 
A-v Fistulae 409 352 
Pulmonary Grafts 31 22 
(Aorta-Pulm. 
shunt; Pulm. 
reconstruction) 
Other Arterial Grafts 
Renal Artery 14 14 
Carotid-Subclavian 17 15 
Others 24 21 
Venous Grafts 21 17 
Patches 40 35 





throughout the United States 
and parts of the rest of the 
world. 


Why GORE-TEX grafts? 


Many of the benefits of 
GORE-TEX vascular grafts 
arise directly from the nature 
of the material. (Fig. 1). It is 
expanded PTFE with a low- 
density, approximately 80% 
porous structure, composed 
of nodules and fibrils of 30u 
in length. 

The open structure of the 
GORE-TEX vascular graft 
allows rapid tissue ingrowth, 
capillary formation, and early 
perivascular adhesion, pro- 
moting the establishment of a 
thin, viable neointima. 
Unlike Dacron, there is no 
need to pre-clot. 


One important improvement: 
increased resistance to 
aneurysmal dilatation. 


Expanded PTFE, including 
early versions of GORE-TEX 
grafts, has one drawback: low 
circumferential strength. 

In early studies, this 
manifested itself primarily 
in the form of aneurysms, 
particularly in hypertensive 
patients. 

Accordingly, in 1975, we 
reinforced GORE-TEX vas- 
cular grafts by winding a 
strong, fine lattice of expanded 
PTFE around the exterior. 
This reinforcement imparts 
several important properties: 

1. High radial or bursting 
strength, yielding outstanding 
resistance to dilatation. (Fig. 3). 
We test every GORE-TEX 
graft to 3600mm Hg at 72°F, 
equivalent to approx. 70 p.s.i. 

2. High suture holding 
power. (We invite you to test 
this for yourself in our offer 
on the last page of this 
advertisement.) 





Table 2: Summary of Clinical Evaluation Data, Arterial 
Reconstruction in Lower Extremities. As of May 27, 1977. 





Initial Number Number Initial 
Patency Remarks Type of operation Implanted Patent Patency Remarks 
86% Maximum Above-knee Maximum 
Follow-up: Follow-up: 
18 mos. Femoral-Popliteal 518 454 87% 32 mos. 
Avg.: 1.4 mos. Others 146 139 95% Avg.: 3 mos 
Conf. Limits: 4 
dd Overall, Above-knee 664 593 89% Conf. Limit 
73% Maximum eee 
Follow-up: 
12 mos P Below-knee 
ki i Maximum 
Avg.: 2 mos. Fem-Distal-Pop 211 181 85% 
Conf. Limits: Fem-Ant-Tibial 44 . 26 59% Follow-up: 
52-86% Fem-Post-Tibial 82 58 70% 32 mos. 
Fem-Peroneal 21 15 71% Avg.: 2 mos 
Maximim Others 10 7 7096 
100% Follow-up: Overall, Below-knee 368 287 78% Conf. Limit 
88% 20 mos. 74-82% 
88% Avg.: 4 mos. 
Conf. Limits: Cross-over Grafts 
79-97% Femoral-Femoral 53 50 94% Maximum 
Follow-up: 
81% Maximum 12 mos. 
Follow-up: Avg.: 3 mos 
42 mos. 
Avg: 8 mos. Femoral-Popliteal 6 6 100% 
Conf. Limits: puk 
58-94% Overall; Cross-overs 59 56 95% Conf. Limit 
86-99% 
88% Maximum 
Follow-up: 
mes TOTALS, 
Avg.:4 mos. ALL OPERATIONS 1647 1412  86* Conf. 
Conf. Limits: Limits: 84-88% 
74-96% 


———— à 


AV FISTULAE, PULMONARY GRAFTS, PATCHES, AND VENOUS GRAFTS. 





Procedures in which 
GORE-TEX grafts should be 
the prosthesis of choice. 
And why. 


Thank God, literally, for the 
iaphenous vein. As an auto- 
sraft, particularly in peripheral 
vascular surgery, it has saved 
'ountless limbs and lives. 

But a saphenous vein is not 
uways available. And knitted 
x» woven fabric implants, 
hough reasonably satisfactory 
n larger diameters, simply do 
10t perform well in smaller 
4 to 8MM) diameters. 

In these cases, particularly 
hose which cross the knee 
oint, a GORE-TEX vascular 
mplant should be given prime 
'onsideration. 

Indeed, the greatest use to 
late of GORE-TEX grafts has 
veen in arterial bypasses 
riginating at the femoral 
irtery — femoral-popliteal, 
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1. GORE-TEX 30 micron graft. 300x 


femoral-distal popliteal, 
femoral-anterior tibial, 
femoral-posterior tibial and 
femoral-peroneal — bypasses 
which, despite their small 
diameter, must withstand the 
flex stresses imposed at the 
knee and hip. Patency rates 
and maximum time periods 
shown are encouraging. 

The second major use of 
GORE-TEX implants to date 
has been as arterial-venous 
fistulae for long-term 
hemodialysis. 

Other situations in which 
GORE-TEX vascular grafts 
have been used, even though 
an autograft may have been 
possible, were those in which 
surgical time was limited, 
either because of the urgency 
of the situation itself or 
because prolonged anaesthesia 
time was undesirable. 
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2. Canine aorta renal graft at 7 week post-op. 300x 


Easy to handle, use. 


GORE-TEX vascular grafts 

are easy to handle, with 
excellent resistance to kinking. 
And they exhibit high suture- 
holding power. They are, of 
course, fully biocompatible 
and, unlike knitted or woven 
prostheses, do not require 
pre-clotting. 

GORE-TEX vascular grafts 
for peripheral vascular surgery 
are available in standard 
lengths of 70 cm —3 to 8mm in 
straight diameters; 6.5 to 
4.5mm tapered and 8.0 to 
6.0mm tapered. Other diam- 
eters and special constructions 
are available on request. 


See next page for free 
GORE-TEX graft test-pack 
and complete bibliography, 
available as reprints. 





3. AV fistula, six weeks post-op. 300x 
Pollack's Trichrome 


GORE-TEX is a registered trademark 
of W. L. Gore & Associates, Inc. 


Submit the handling and 


suture-holding characteristics 


of GORE-TEX grafts to the 
most meaningful test equip- 
ment: your own hands. Our 
test kit, not intended for 


actual surgery, includes a short 


length of a GORE-TEX graft 
and a 6-0 double-armed 
suture. Try it for yourself. 
Also, take your choice of 
reprints of any of the exper- 


imental, clinical, and engineer- 


ing reports listed. 


1. Polytetrafluoroethylene Grafts for 

Arteriovenous Fistulae 

A. Mohaideen, M.D., M. Avram, M.D. 

R. Mainzer, M.D. 

N.Y. State Journal of Medicine 

Dec., 1976 

2. Arterial Prosthesis of Microporous 

Expanded Polytetrafluoroethylene for 

Construction of Aorta-Pulmonary Shunts 
A. Gazzaniga, M.D., J. Lamberti, M.D., 

OR M. 


W. L. Gore & Associates, Inc. 
555 Paper Mill Road 


3. The Use of Expanded Microporous 
Polytetrafluoroethylene 

For Limb Salvage: A Preliminary Report 
C. Campbell, M.D., D. Brooks, M.D., 
M. Webster, M.D., H. Bahnson, M.D. 
Surgery May, 1976 

4. Small-vessel Replacement 

with GORE-TEX 

(Expanded Polytetrafluoroethylene) 
A. Florian, M.D., L. Cohn, M.D., 

G. Dammin, M.D., J. Collins, M.D. 
Archives of Surgery, March, 1976 

















5. A Small Arterial Substitute: 
Expanded Microporous Polytetra- 
fluoroethylene: Patency versus Porosity 
C. Campbell, M.D., D. Goldfarb, M.D., 
R. Roe, M.D. 

Annals of Surgery August, 1975 


6. Segmental Venous Replacement 

D. Smith, Lt. Cmdr. (MC) USN, 

J. Hammon, M.D., J. Anane-Sefah, 

M. D. R. Richardson, M.D., C. Trimble, M.Í 
Journal of Thoracic and 

Cardiovascular Surgery April, 1975 

7. Replacement of Portal Vein During 
Pancreatectomy for Carcinoma 

L. Norton, M.D., B. Eiseman, M.D. 

Surgery February, 1975 

8. Use of GORE-TEX Grafts for Replaceme 
of the Superior and Inferior Venae Cavae 
Y. Fujiwara, M.D., L. Cohn, M.D., 

D. Adams, M.D., J. Collins, M.D. 

Journal of Thoracic and 

Cardiovascular Surgery May, 1974 


9. A New Vascular Prosthesis for Small 
Caliber Artery 

H. Matsumoto, M.D., T. Hasegawa, M.D., 
K. Fuse, M.D., M. Yamamoto, M.D., 

M. Saigusa, M.D. 

Surgery October, 1973 

10. A New Venous Prosthesis 

T. Soyer, M.D., M. Lempinen, M.D., 

P. Cooper, L. Norton, M.D., B. Fiseman. M 
Surgery December, 1972 - 
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The Contribution of a Bacterially Isolated Environment to 
the Prevention of ape in Seriously HM Patients 


JOHN F. BURKE, M.D., WILLIAM C. QUINBY, M.D., CONRADO C. BONDOC, M.D., ELIZABETH M. SHEEHY, R.N., 


A new system of patient protection from bacterial cross- 
infection called the Bacteria Controlled Nursing Unit (BCNU) 
is described, based on strict environmental control of a 6 x- 10 
foot area surrounding the patient's bed rather than the 
entire patient room or isolation ward, plus the ability to 
deliver all medical care without entering the protective en- 
vironment and maintaining all monitoring, life support, and 
i.v. equipment outside the controlled environment. The clini- 
cal effectiveness of this system in fhe treatment of burn 
patients has been studied and compared with the effective- 
ness of single room isolation on a burn isolation ward and 
conventional isolation techniques on an open burn ward. The 
studies show that the BCNU is significantly more effective 
in preventing bacterial cross-contamination than conven- 
tional precautions (3. 8% vs. 13. 1%, P < 0.001; and 8% vs. 
22.8%, P < 0.001) over a two and: four week period. The 
studies also indicate that there was a significant increase in 
the probability of infection eccurring following cross-con- 
tamination than occurring after auto-contamination (65% vs. 
(39%, P « 0. 005), emphasizing the importance of preventing 
cross-contamination in reducing the overall infection rate in 
Seriously burned patients. Clinical evaluatión of the ‘unit 
_ proved it to be compatible with intensive nursing ‘and medi- 
cal care without increasing the nurse to patient ratio: The 
unit provided sufficient control of bacterial cross-infection to 
allow reduction in mortality and improvement in the effective- 
ness of burn care through routine -prompt excision of burn 
eschar and immediate wound closure to be carried out in 
severe and massively burned patients without a limiting t threat 
of bacterial burn wound 1 sepsis. : 


De TREATMENT EFFECTIVENESS and an in- 
crease in mortality are the hallmarks of hospital 
acquired infection. In addition, the development of 
surgical treatment for diseases theoretically amenable 
to operative repair is retarded by the threat of bacterial 
infection. This is especially true in those areas where 
surgery is used in conjunction with therapeutic manip- 


suppression— cancer chemotherapy). In this way, the 


' development of therapy for serious thermal injury has 


r 
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been retarded because logical plans for the improve- 
ment of burn care through early and extensive surgical 
repair cannot be realized without an effective method 
to prevent sepsis following | surgical treatment. The 
work and clinical experience described here represent 
an attempt to design and assess.the effectiveness of a 
system of complete bacteriologic isolation for highly 
susceptible or infectious patients during ‘their’ acute 
burn illness and surgical repair. The system is based 
on strict environmental control of a 6 x 10 foot area 


immediately surrounding thé patierit's bed, rather than 


the entire patient's room or isolation ward, plus the 


ability to deliver all medical care without entering the 


protected: environment and maintain all monitoring, life 
support, and i.v. equipment outside the coiitrolled en- 
vironment so that the bacteria carried by the staff or 
equipment do not contaminate the patient, nor does 
the patient contaminate personnel or equipment. This 
individual patient protective and controlled environ- 
ment is called the Bacteria Controlled Nursing Unit 
(BCNU) and is an integral part of an overall plan to 
extend the surgical care of the seriously burned pa- 
tient to prompt excision of the entire extent of the 
burn eschar and immediate wound closure, including 
immunosuppression and allograft-closure of the most 
extensive burn injuries. The original engineering work 
was carried out at the Massachusetts General Hospital 
(MGH) and extensive clinical experience has been 
gained at the Shriners pups Institute in Boston (SBI). 


Materials and Methods 


An stein is made to document the effectiveness 
of the BCNU in protecting patients from bacterial 
complication by recording the rate of bacterial con- 
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Fic. 1. Schematic drawing of a Bacteria Controlled Nursing Unit. 
A 6x 10 foot area is surrounded by transparent plastic curtain 
walls. The entire area is continuously washed by down flow of 
bacteria-free air. Patient care is delivered through the two movable 
side access walls. All personnel, intravenous, life support and 
monitoring equipment function from outside the sterile environment 
eliminating the need for protective clothing and instrument decon- 
tamination. 


tamination, its bacterial type, and its potential for. 


invasive infection. These rates are then compared with 
rates of patient protection afforded by two widely 
used methods of conventional isolation: single room 
isolation precautions on a strict isolation burn unit and 
isolation precautions on an open ward. The study was 
carried out between 1970 and 1976 at the SBI and 
July, 1974- November, 1976 at the MGH. 


Patient Groups Studied 


Three groups of burned patients were studied and 
were segregated according to the type of bacterial 
isolation procedures that were used to protect them 
from bacterial contamination. 

Group 1. Patients receiving environmental protec- 
tion in the BCNU. This group consists of 264 consecu- 
tive patients admitted to the Shriners Burns Institute, 
Boston with burns greater than 10% of their body 
surface area (BSA), who were admitted directly to the 
BCNU, and who remained in the protective environ- 
ment for at least one week (the average length of 
stay in the BCNU was 31 days). These patients' ages 
ranged from six months to 16 years, with an average 
age of seven years. Average burn size 42.6% BSA; 
average third degree component 26.7% BSA. There 
were 155 males and 109 females: 

Group 2. This group consists of patients receiving 
burn care in single room isolation on a strict burn 
isolation ward. This group consists of 214 consecutive 
patients admitted to the burn service of the Mas- 
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sachusetts General Hospital whose burn injury ex- 
ceeded ten per cent of the BSA; age range 16 to 86 years; 
average 45.4 years; average burn size 39.2% BSA; 
average third degree component 2695 BSA — 164 
males, 50 females. 


Group 3. Group 3 consists of patients receiving | 


conventional isolation protection on an open acute 
burn ward. Two hundred twenty-two consecutive pa- 
tients admitted to the Shriners Burns Institute, Boston 
with burns greater than 10% BSA who were admitted 
directly to the ward at a time when envircnmental con- 
trol units were not available are included in this group. 
Their ages range from two months to 16 years, with 
average burn size 19.6% BSA, and average third degree 
component 6.8% BSA— 145 males, 77 females. 

Because of human studies considerations and hos- 
pital admitting policies, it was impossible to obtain 
strictly comparable groups of patients in the BCNU 
study group (Group 1) and the two control groups 
(groups 2 and 3). The study group and Group 3 are 
made up of children of comparable age, but the overall 
burn size and extent of third degree injury were con- 
siderably greater for those patients in Group 1 than in 
Group 3 because larger and more extensive injuries 
were always placed in the controlled environment of 
the BCNU if available rather than on the open ward. 
Group 2 differed from both of the above groups in that 
although the burn size was comparable to that seen in 
Group 1, it consisted of burned patients 16 years of age 
and older. This difference occurred because only 
children are admitted to the Burns Institute and only 
adults to the burn unit at the Massachusetts General 
Hospital. It was, however, felt important to compare 
the effectiveness of the Bacteria Controlled Unit with 
a strict, single room isolation burn ward in a general 
way. 


Isolation Techniques and Facilities Desc: ribed by Pa- 
tient Group Treated 


Each of the three groups of patients were cared for 
using one of the following methods of isolation protec- 
tion. 


Group l Patients; Isolation Facilities 


The BCNU (Figs. 1 and 2) is a 6 x 10 foot area on 
an open ward requiring no more floor space than a 
regular bed. The unit is separated from the ward by a 
transparent plastic curtain wall. The entire area within 
the curtain walls is continuously washed with a ceiling 
to floor, piston-like (‘‘laminar’’) flow of bacteria free 
air. The air temperature and relative humidity in the 
unit can be accurately controlled at the level most 
beneficial to the patients’ metabolic state (usually 31.5°, 
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9076 relative humidity) without altering the usual work- 
ing temperature or humidity 22°; 50% R.H.) of the 
ward. The side walls (access walls) are movable to 
allow extension away from the bed for patient ambula- 
tion or pushing close to the bedside for delivery of 
care (Fig. 1). These access walls are constructed with 
two overlapping panels of transparent plastic, one ex- 
tending down from the ceiling, the other extending up 
from the floor. The free edges of these panels gener- 
ously overlap just above the level of the patient, 
forming a simple maze between the outside to inside 
the unit. The free edges of the panels at the overlap 
are supported by an elastic cord. All medical and nurs- 
ing care, monitoring, and life support are carried out 
through the access walls so that personnel and equip- 
ment do not enter the patient's protective environment, 
as described in isolation techniques section below. 


-Isolation Techniques 


Four Bacteria Controlled Units are clustered at one 
end of an open 12 bed, critical care ward and oc- 
cupy the same space as four unprotected beds 
would take. No effort is made to "isolate" this 
critical care ward itself. Staff, visitors, and relatives 
are allowed on the ward without protective clothing, 
masks, etc. To deliver medical care to patients in the 
unit personnel put on a disposable apron and shoulder 
length plastic gauntlets and traverse the access wall 
maze with their hands and arms (Fig. 2). The elasticized 
edges of the overlapped access wall panels form a seal, 
preventing gross communication between inside and 
outside the unit. The continuous downflow of sterile 
air increases the effectiveness of this compromised seal 
around arms or entering supplies by entraining any bac- 
terial particle entering and carrying it to the floor. The 
two systems (downflow and curtain wall) provide an 
effective and reliable barrier against cross contamina- 
tion. 

Sterile medical care within the unit is delivered 
exactly as sterile wound dressings, trachael aspiration, 
or Foley catheter insertions are carried out on the ward, 
except that the entire procedure goes on inside the unit 
with the sterile parts of the procedure beginning with 
the hands and arms of the personnel covered with plas- 
tic gauntlets rather than just being washed. Inside the 
unit sterile packs are open and sterile gloves are put 
on over the gauntlets before the procedure is carried 
out. Dressings and other procedures are usually car- 
ried out with teams of two to four medical personnel. 
No attempt is made to sterilize food, bed clothing, 
etc. before it enters the unit. Wounds are protected 
from bacteria within the unit by topical AgNO, 
dressings and sterile wound techniques. 
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Fic. 2. Medical care being delivered to a patient housed in the 
Bacteria Controlled Nursing Unit. All equipment, such as the respira- 
tor shown, is maintained outside of the unit greatly reducing the 
probability of cross-contamination. The pattern of air flow from ceil- 
ing to floor is shown by arrows. The nurse is shown carrying out 
a dressing change. She dons shoulder length gauntlets outside the 
unit and gains access to the unit by traversing the simple maze 
created by the overlapped panels of the access wall. 


All intravenous bottles and monitoring or life support 
equipment are outside the unit so that they can be 
adjusted or maintained without requiring personnel to 
don protective clothing. Intravenous tubing, arterial or 
Swan-Ganz lines, respirator conduit, EKG leads, etc. 
are led through the panel port at the head of the bed 
(Fig. 1) to the patient. 


Group 2 Patients; Isolation Facilities 


Isolation facilities consist of a dedicated, strict isola- 
tion burn unit on the top floor of the Massachusetts 
General Hospital. Access is limited to burn unit staff 
and two patient visitors at a time. All patients are 
housed in single rooms with hand washing facilities in 
the room and their own toilet facilities connecting. All 
were separated from the hall by a solid door plus a 
screen door. 


Isolation Techniques 


Caps and masks are required on entering the ward. 
Full protective clothing is worn in each patient room 
and changed if personnel goes from patient to patient. 
All dressings and procedures are caried out with sterile 
gloves and equipment, using sterile dressing tech- 
niques. Patients needing intensive nursing care or 
monitoring were nursed with a ‘‘special’’ nurse on each 
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shift who remained in the patient’s room at all times 
and had no contect. with other patients. Food- was 
served on disposable utensils: All trash, bedding, 
dressings, etc. are double bagged 2 as they leave the pa- 
tient’s room. 


Group 3 re Isolation Facilities 


Isolation facilities consisted of the eight non- 
protected beds on the 12-bed, critical care ward of the 
Shriners Burns Institute. A central nursing station 
served both protected and non-protected beds. Hand 
washing and toilet facilities were located between beds 
and shared with neighboring penene 


Isolation Techniques 


Patients are maintained on bed rest. Personnel and 
visitors wear protective clothing in the form of caps 
and gowns and/or aprons. Masks and caps and sterile 
gloves are. worn during dressing changes. Strict sterile 
techniques were used for all procedures. Food is served 
on disposable utensils. 


Burn Treatment 


All three groups of patients received the same type 
of burn care carried out under the direction of the 
same professional staff. 0.5% aqueous silver nitrate 
was used routinely as the topical agent? to all areas of 
the body except the face and perineum. Silver sulfadia- 
zine was used on these areas. The basic mode of 
therapy: was prompt excision of burn eschar following 
the injury and immediate wound closure.® All but a 
few patients were closed with autografts immediately 
following excision. However, in children (Group 1) and 
adults (Group 2) who had sustained third degree burns 
in excess of 3596 of their BSA, initial wound closure 
was accomplished bya combination of skin allograft and 
autograft. The allografted component was replaced by 
autograft i in two to three weeks. Nineteen children with 
burns over 80% BSA with third degree component over 
70% BSA were treated with temporary ‘skin trans- 
plantation and immunosuppression."^? All immunosup- 
pressed patients were nursed in the BCNU. Penicillin 
(300,000 U i.m.) was given to all patients acutely burned 
for the first three days following admission. No further 
antibiotic therapy was given to any patient unless there 
was evidence of clinical bacterial invasion, usually 
manifested by a positive blood culture. Preventive anti- 
biotics were given to all patients immediately before 
operation and discontinued the day following opera- 
tion. The antibiotic used was chosen on the basis of 
Sensitivity studies of is predominant wound fora, if 
present 
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Definition of Auto- and Cross-bacterial Contamination 
and Infection 


Bacterial contamination of the patients in this study 
is divided into cross-contamination or auto-contamina- 
tion, according to whether the bacteria came from the 
patient himself (auto) or from the environment (cross). 
Cross-contamination i is defined as bacterial contamina- 
tion of the burn wound, with an identified strain of a 
bacterial species (serotype, biotype, etc) different from 
those strains carried in any site by the patient on ad- 
mission to the Shriners Burns Institute or Mas- 
sachusetts General Hospital. Auto-infection is defined 
as bacterial contamination of the burn wound, with a 
bacterial strain carried by the patient on admission. 
Bacterial strains were identified by biotyping, sero- 
typing, phage typing, and antibiogram, as noted below 
in the section on bacteriologic techniques. All organ- 
isms recovered from the wound or urinary tract are 
considered contaminating strains. Bacteria isolated 
from the respiratory tract, other than normal flora, are 
considered contaminating strains. Bacterial strains iso- 
lated from the burn wound after the first routine cul- 
ture were considered cross-contaminating organisms. 

Bacterial contamination is defined as the isolation of 
bacteria from the burn wound, respiratory or urinary 
tract and included those cases where there was evi- 
dence of bacterial invasion or inflammation. Burn 
wound infection was defined as a general clinical 
deterioration of the patient plus positive blood culture 
and/or evidence of bacterial invasion of the viable 
layers of the burn wound. For the most part, bacteria 
isolated from contaminated but not infected patients 
are rare to moderate in numbers. Bacterial cultures in 
patients with infection usually showed abundant 
growth. 


Bacteriologic Examinations 


All patients were cultured on admission and on a 
routine basis two times a week thereafter unless 
the clinical indication prompted. additional culture 
taking. In addition to the cultures of thé burn wound 
and nasopharynx culture; sputum, urine and stool 
specimens were obtained. Patients in Groups 1 and 3, 
treated in the Burns Institute, were cultured, with an 
average of 15 sites per patient. Patients treated at the 
Massachusetts General Hospital were cultured with an 
average of six culture sites per patient. 


Racisinlagie Techniques 


Enteric strains were only typed from patients in 
Groups 1 and 3 because it was not possible to type 
enteric strains from patients in Group 2. Therefore in 
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TABLE 1. Distribution of Patients by Type of 
Isolation Protection Received 





Group 1 
Bacteria Group 2 
Controlled Single Group 3 
Environment Room Open Ward 
(BCNU) (MGH) (SBD 
1970-1976 7/74—11/76 1970— 1976 
Total patients '264 214 222 
Flame burns 214 147 158 
Scalds 50 67 64 
Age 6 mos- 16 yrs 16—86 yrs 2 mos- 16 yrs 
Sex 155 8,109 9 164 8,509 145 6,779 
% BSA burned 42.6 39.2 19.6 
% 3° component 26.7 26.0 6.8 


Group 2, the auto-contamination rate with enteric 
bacteria includes all instances where the same species 
were found on the wound and in the G.I. tract. 

Gram positive cocci were isolated and identified by 
standard methods, and gram negative bacilli were 
identified by varying methods, as follows. From 1970 
to 1974, differentiation of enteric bacilli was ac- 
complished by the methods of Edwards and Ewing. 5 
Beginning in 1975 to the present all gram negative 
bacilli have been identified by the API 2-Enterbac- 
teriaceae method;'?7? Pseudomonas and unusual gram 
negative bacilli were identified by use of the methods 
of King and others.’-® Standard methods were used to 
identify anaerobes,?5 with the use of the Gas-Pak jar; 
and yeast were also identified by standard methods, 
plus serotyping of C. albicans.” The Bauer-Kirby 
method was used for antibiogram studies.?-1* Sensitive 
or resistant patterns of bacteria obtained at different 
sites were studied to further differentiate strains of 
microorganisms. 


Results 


Of the 728 consecutive acute patients considered for 
the study who had flame or scald burns >10% BSA, 
700 met the proposed criteria and are included. Four 
hundred eighty-six were admitted to the SBI (1970— 
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1976) while 214 were admitted to the MGH (July 1974— 
November 1975). Ninety-four per cent of all patients 
were admitted within six days of injury. Patients were 
excluded because they died within seven days follow- 
ing admission, or were transferred from the isolation 
category to which they were admitted. within seven 
days of admission. The character of the thrée groups 
of patients studied is outlined in Table 1. There were 
264 who received burn care for at least one week in the 
BCNU (Group 1) The length of stay in the unit 
ranged from seven to 86 days with an average patient 
stay of 31 days. The outer limit of the range for all 
three groups indicated the time the burn wound was 
clinically beyond risk of invasive infection. Two 
hundred fourteen patients were admitted to single room 
isolation (Group 2) with a length of wound risk betweeri 
seven and 112 days (average 38 days). Two hundred 
twenty-two patients received isolation precautions on an 
open burn ward (Group 3) with the length of wound 
risk between seven and 62 days (average 22 days). 
Table 1 shows thatthe population of patients in Groups 
1 and 3 are comparable by age and sex, but that the 
average burn size is double (42.6% to 19.6%), and the 
3° burn component is in excess of three times more 
extensive (26.7% to 6.8% in Group 1 compared with 
Group 3. There are no significant differences between 
Group 1 and Group 2 patients in regard to burn size 
and component of 3° burn. 

The data concerning the rate of bacterial sanama 
tion of the burn wound for the first two weeks, and 
the cumulative contamination over the first four weeks 
following admission in each of the three groups of pa- 
tients is presented in Table 2 and is divided into cross- 
and auto-contamination. In all groups contamination 
includes those wounds with a positive bacterial culture 
only, plus bacterially infected wounds. Because it was 
not possible to type enteric strains in Group 2 patients, 
the rate of auto-contamination in the sites monitored in 
this group may be overestimated in relation to. cross- 
contamination since all enteric bacteria appearing on the 
wound were considered auto-contaminating if the bac- 


TABLE 2. Rate of Contamination of Patients 





Group 1 

Bacteria Controlled 

Environment (BCNU) 
1970-1976 
2 Weeks 4 Weeks 
Burn wound 
% Cross contamination 3.8* 8.0t 
% Autocontamination 14.1 75.8 





* €» * p < 0.001; tf t p < 0.001. 


Group 2 Group 3 
Single Room Open Ward 
(MGH) (SBI) 
7/74-11/76 1970-1976 
2 Weeks 4 Weeks 2 Weeks 4 Weeks 
32 86 13.1* 22.71 
18 88 15.8 67.0 
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TABLE 3. Probability of Burn Wound Infection Following 
Contamination of Patients in BCNU 








Total Number of 
Episodes Infections % 
Cross contamination 20 13/20 65 
Autocontamination 200 78/200 39 
| p<0.05. 


terial species was present in the G.I. tract. This was 
done in an attempt to avoid overestimating the rate of 
cross-contamination in this group. 

Three point eight per cent (3.8%) of patients re receiv- 
ing burn care in the BCNU (Group 1) were cross- 
contaminated during the first two weeks in the unit, and 
eight per cent were cross-contaminated over the first 
four weeks. When the cross-contamination rate in 
Group 1 is compared to Groups 2 and 3, marked dif- 
ferences are seen (Table 2). The rate of cross-con- 
tamination in Group 2 at both two and four weeks fol- 
lowing admission is very much larger (32% in two 
weeks and 86% in four weeks) than that seen in Group 
1. However the difference in patient population be- 
tween the two groups allows only broad conclusions to 
be drawn. When the cross-contamination rate is com- 
pared between Groups 1 and 3 where the patient 
population is comparable, there is a significant increase 
(p < 0.001 at both times studied) in the rate seen in 
Group 3 (13.1% at two weeks and 22.7% in four weeks) 
over that seen in Group 1 (3.8% and eight per cent). 

Auto-contamination of the burn wound did not follow 
the same pattern as cross-contamination. The marked 
reduction in cross-contamination seen in Group 1 was 
not present in the auto-contamination rate. Auto-con- 
tamination of the burn wound during the first two weeks 
was present in 14.1% of patients and rose to 75.8% in 
four weeks. In Group 2 patients the auto-contamination 
rate was 18% in two weeks and 88% in four weeks. 
In Group 3 it was 15.8% and 67.0%, respectively. 
Bacteria were not grown from the wounds at any time 
during the four week study period in 15% of Group 1 
patients, 5% of Group 2 Patients, and 13% of Group 3 
patients. Uniformly these patients had relatively small 


TABLE 4. Routes of Autocontamination of Patients Housed 
in Bacteria Controlled Nursing Units 


Autocontamination 
-Route Per cent of Overall Episodes 
G.I. tract > wound 72 
Resp. tract — wound 16 
Wound —» resp. tract 8 
G.I. tract — resp. tract 4 
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burns which were located exclusively above the waist. 
A large proportion of these patients were scalds. 
Table 3 demonstrates the probability of developing 
an invasive burn wound infection following auto- 
bacterial contamination of the burn wound, as opposed 
to cross-contamination for patients housed in the 
BCNU. For all organisms there is a significant in- 
crease in the infectious rate following cross-contamina- 


tion (6596, p < 0.05) over auto-contamination (39%) of - 


the burn wound. 

The routes of auto-contamination for patients housed 
in the BCNU are outlined in Table 4. As the table 
demonstrates, the gi tract is by far the most frequent 
source of wound auto-contamination. 

The rate at which certain bacterial species con- 
taminate the burn wounds in a subset of patients with 
burns covering 25 to 90% of their body surfaces is 
outlined in Table 5. Fifty patients housed in single room 
isolation are compared to 105 patients housed in the 
BCNU. The overall number of episodes of clinical 
infection is recorded for each groüp. The data show 
that bacterial species not usually carried in the gi tract 
predominate in the patients housed in single rooms 
while those common to the gi tract predominate in pa- 
tients housed in the BCNU. There is an accompanying 
increase in the clinical infection rate in patients housed 
in single rooms (28%) compared with patients in the 
BCNU (69%). 


Discussion | 


That there has been an increase in the effectiveness 
in treating serious disease brought about through the 
development of the concepts of concentrated medical 
care which have led to the formation of the modern 
hospital may be stated without question. However, 
hand in hand with this increased therapeutic efficiency 
has come an increase in the problems of hospital related 
spread of infectious disease, of which the bacterial are 
the most prominent. 

In the case of surgery the development of the ‘‘hos- 
pital concept’’ has been fundamental to advance, but 


TABLE 5. Frequency of Bacterial Strains Contaminating Burn 
Wounds (Subset: 25 —90% BSA) 


Bacteria Controlled 
Environment (BCNU) 
105 Patients 


Single Room 
50 Patients 


(% Patients’ Wound Positive) 





Pseudomonas . 18 66 
Klebsiella 32 68 
Enterococci 28 58 
Episodes of infection 6 14 
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the parallel development of an increased probability of 
producing bacterial disease, particularly in the area of 
open trauma or the surgical wound has, at least at one 
time during the development of surgery, threatened to 
eliminate it as a general form of treatment. The 
improved ability to prevent bacterial infections brought 
about through the discovery of bacteria as the cause of 
sepsis, followed by the Listerian concept of antisepsis, 
have led to a workable, although not optimal, control 
of post-surgical infection through the development of 
aseptic techniques and sterilization technology. It is 
important to recognize that by far the most effective 
methods for preventing sepsis in surgical patients are 
those related to infections that are generated in the 
operating room and not to those bacterial infections 
which are produced on the ward or other areas of the 
hospital. Although the problem of cross infection on 
the ward has long been recognized as a serious threat 
to the effectiveness of in-hospital medical care, no 
satisfactory solution has been evolved. The body of 
procedures called ‘‘Isolation Precautions' "! which have 
been evolved in an attempt to control this risk, although 
satisfactory for the majority of patients at risk, have 
proven ineffective and extraordinarily inefficient for 
the small group of patients at high risk of acquiring 
bacterial disease during hospitalization. Severely burned 
patients are part of this group of patients at high risk. 

The work reported is an attempt to assess the ef- 
fectiveness of a clinical system both clinically and 
economically for protecting highly susceptible patients 
from cross-infection. This system is based on two 
principles: first, highly effective environmental control 
in the area immediately surrounding the patient's bed, 
rather than isolating a whole room or ward; and second, 
the ability to deliver all medical care and maintain all 
monitoring, life support and intravenous equipment 
outside the controlled environment so that personnel or 
equipment do not contaminate the patient nor are 
personnel and equipment contaminated by the patient. 

The present-day therapy of burn injury is seriously 
hampered by the almost inevitable bacterial cross-con- 
tamination of the burn wound.?7-!® A major portion of 
therapeutic effort is placed on efforts to prevent the 
development of infection following contamination 
rather than on directly closing the open wound. Im- 
provements in burn care, therefore, would be achieved 
if a more effective method of prevention of burn wound 
contamination were available. The use of topical anti- 
bacterial therapy has decreased the rate of burn wound 
sepsis and decreased the mortality for moderate sized 
burn injury18? but, and perhaps most important, it has 
not made burn care more effective as judged by the 
length of hospital stay for any size burn injury. Evalua- 
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tion of the controlled environment described demon- 
strates that the rates of bacterial cross-contamination 
and infection are markedly reduced for patients in the 
BCNU (Group 1) as compared with patients nursed in 
single rooms on an isolated burn unit (Group 2), or 
patients protected from cross-contamination by classic 
isolation precautions on an open ward (Group 3). The 
decrease in cross-contamination seen between Group 1 
and Group 3 (p « 0.001) is even more striking when 
it is recognized that patients in Group 1 have very 
much larger and deeper burn injuries than patients in 
Group 3. It is difficult to draw exact conclusions be- 
tween Groups 1 and 2 because the patient population 
differed in age even though burn sizes are comparable. 
However, our experience indicates that the rate of 
bacterial cross-infection does not differ significantly be- 
tween children and adults when both are treated on the 
same ward. ` 

A further point of importance in reducing the risk of 
burn wound infection is the identification and protec- 
tion from those bacterial strains most likely to cause 
infection. Table 3 demonstrates that in Group 1 patients 
infection was almost twice as likely to occur if the 
burn wound was cross-contaminated as it was if it were 
auto-contaminated (p « 0.05). It is not possible to give 
an exact reason for this but presumably host resistance 
is more effective in protecting against strains of bacteria 
that make up the patients’ normal flora than for cross- 
contaminating strains to which the immunologic system 
of the patient has never been exposed. These data, 
however, indicate the importance of preventing cross- 
contamination, even if it is impossible to prevent auto- 
contamination. The importance of preventing cross- 
contamination is further emphasized when the pattern 
of bacterial strains causing cross-contamination is 


examined. This has been done (Table 5) in a subset of 


patients with burn sizes between 25 and 90% BSA. The 
bacterial strains seen in the BCNU are compared with 
those seen in patients housed in a single room on a 
burn isolation ward. It is evident that species, particu- 
larly pseudomonas, not part of normal G.I. tract pre- 
dominate in conventionally isolated patients while they 
make up a minor part of contaminating species in pa- 
tients housed in the BCNU. Further, these data are 
consistent with the concept that virulent strains of bac- 
teria are passed from patient to patient and remain in 
a conventional isolation ward over long periods of time. 
Experience in burn units with Providencia throughout 
the country is typical of this problem.” Our experience 
indicates that these strains (including Providencia) ap- 
pear periodically on the ward where patients are housed 
in the BCNU but rapidly disappear. 

No special precautions against cross-contamination 
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are taken in moving patients to and from the OR or in 
the operating room itself. Patients in the three groups 
studied were all treated with prompt primary excision 
and immediate wound closure. In the case of large 
burns, this was done in multiple operative procedures, 
and in all but the patients with massive burns was 
usually completed within the first seven days post- 


injury. It is impossible to detect what portion of cross- , 


contamination occurred when the patients were tempo- 
rarily removed from the protective environment of the 
: BCNU so that all cross-contamination is considered to 
occur within the unit. However, the contribution of 
operation may be significant. 

The overall data appear consistent with ihe concept 
that a system of highly effective protection against 
cross-contamination of seriously burned patients, such 
as the BCNU, is not only a considerable, immediate 
benefit to the individual patient but,.in addition, ‘and 
equally important, that there is a long term advantage 
to the entire patient population of the burn unit. The 
effective isolation of all heavily contaminated or highly 
susceptible patients results in a ward’ bacteriology for 
low risk burn patients that is equivalent to a clean 
surgical’ ward, ‘thereby considerably decreasing thé 
overall risk of infection. Virulent strains, although 
periodically seen, disappear quickly and do not spread 
beyond one BCNU to threaten the entire ward. 

The rate of auto-contamination of the burn wound, 
particularly from the G.I. tract (Table 4), in patients 
treated in the controlled environment-of the BCNU is 
not different from that seen on the. open ward. This 
finding is expected since no attempt was made to steri- 
lize the patients' G.I. or respiratory tracts or skin on 
admission, and no attempt was made to sterilize the 
interiors of the unit. Although it is tempting to predict 
what benefits would be achieved if auto-contamination 
could be controlled as effectively as cross-contamina- 
tion, it is not practically possible to sterilize the pa- 
tient and the logistic problems of maintaining the inside 
of the unit sterile do not appear to be cost effective. 

Although no studies concerning the effectiveness of 
the BCNU in preventing viral cross- -infection were car- 
ried out, several inadvertent events provide some in- 
formation. During the overall study there were four 
separate occasions where children were admitted to a 
BCNU with an acute burn i injury, and developed clini- 
cal measles (two cases) Or chicken pox (two cases) two 
to four days following admission. Although approxi- 
mately 50% of the nursing personnel and the large 
majority of patients on the ward at the time were 
susceptible by history, in no instance was there a 
secondary case of the viral disease. In one instance the 
child in the adjacent unit (eight feet distance between 
beds) was being immunosuppressed with imuran with 
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a wbc « 2,000 at the time the menor of measles 
was evident. 

This is clearly an improvement over older methods 
of isolation as previous studies have shown.‘ The pa- 
tient and parents accepted the unit without difficulty. 
No psychologic problems were encountered that could 
be related to the unit itself, not encountered in con- 
ventional isolation. There was a considerable advan- 
tage of having the child even though in the unit on the 
open ward rather than in a single room, to facilitate 
medical observation and treatment and to allow parents 
to visit without mask or other’ protective clothing. 

The ability to control both temperature and humidity 
within the unit at a level móst advantageous to the 
patient, while maintainingthe working temperature and 
humidity- of the ward at.comifort levels for the staff, 
has proven an ‘important advantage - not only” for the 
patient’s treatment, but for the efficiency of the patient 
care staff as well: Because the units are on the open 
ward, patients, even those requiring intensive care, can 
be nursed with the team concept, avoiding the need for 

“special” nurse. Nurse to patient ratios, therefore, 

are kept well below one to one on the unit. The delivery 
of medical- -nursing care or physiotherapy i is alittle more 
cumbersome with patients in the protected environ- 
ment than on the ward. However,'no increased person- 
nel or specialized equipment have been required be- 
cause of the BCNU. The advantages. of the open ward 
for patient observation and team patient care, the ab- 
sence of protective clothing or other restrictions on the 
ward itself, and the ability to adjusti.v. drips, monitors, 
and respirators from the ward without donning gowns, 
etc. between each patient more than make up for the 
minor inconveniences presented by the plastic access 
walls. The delivery. of patient observation and care is 
not inhibited by the awkwardness of the system as it 
is in single room isolation—a system which: requires 
complex changes of Mon ENYE clothing’ between each 
patient encounter. 
" From the economic point r view, , the cost of curtain 
wall replacement every four to six months is offset by 
the reduction in cost of protective clothing. and in 
costs of decontamination, of monitoring and life sup- 
port equipment 1f it is contaminated by the patient. 
However, by far the most important savings aré those 
that accrue from the reduction of infection rates and 
shortening of hospital stay.. 

Both the clinical experience gained through exten- 
sive on-line use of the BCNU and the data concerning 
its effectiveness in preventing bacterial cross-con- 
tamination provide strong evidence that it is of great 
importance to.the most effective care of the severely 
burned patient. In our experience it has allowed the 
safe application of prompt esehar excision and immedi- 
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ate wound closure which has been shown to reduce 
burn mortality and increase the effectiveness of treat- 
ment as judged by shortening the length of hospital 
stay.® It has also allowed the extension of these 
techniques to massively burned patients using tempo- 
rary allograft transplantation and immunosuppression, 
to be carried out without the limiting threat of bacterial 
infection in the immunologically modified burn patient. 
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Dr. STANLEY M. LEVENSON (Bronx, New York) The clear 
demonstration in this report of the effectiveness of a mechanical 
barrier system for minimizing bacterial cross-contamination and 
lessening clinical infection in burn patients, without sacrificing the 
ability to provide all aspects of the demanding medical and surgical 
care required by these patients, is impressive indeed. 

But this should not surprise us. That the use of mechanical 
barriers is the most effective way to prevent microbial cross- 
contamination has been recognized almost from the time bacteria 
were discovered, and it was as long ago as 1895 that Nuttall and 
Tierfelder took up Pasteur's challenge to raise animals germfree, 
in order to determine the role of the indigenous bacteria in 
mammalian metabolism. 

The next 45 years were spent in the development of steel 
isolators for this purpose, and the feasibility of accomplishing the 
complete prevention of cross-contamination has since been estab- 
lished in the raising of germfree animals for generation after 
generation in laboratories all over the world. : 

But the practicality of applying this concept to the much more 
complicated problems of patient care was not realized until 1957, 
when Trexler and Reynolds introduced the use of animal isolators 
made of thin, flexible plastic film. It was at this time that we began 
our investigations with Trexler in this field. 

We thought it ought to be possible to transfer to the hospital 
the techniques of the germfree laboratory for the prevention of 
cross-contamination and cross-infection. This led to the development 
of an integrated isolator svstem for the care of patients on the 
ward, the transfer of patients throughout the hospital, or from 
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hospital to hospital, and the conduct of major surgery in an 
environment free of all exogenous micro-organisms. 

Our experience with the use of isolators for the care of bum 
patients on the ward, with many fewer patients than those presented 
by Dr. Burke, yielded similar results; namely, the high level of 
effectiveness of such a barrier technique for the prevention of cross- 
contamination and cross-infection, and the failure of conventional 
isolation methods, the latter most often, because of human error. 
We found similar results with transplant patients and patients with 
severe leukopenia, as have a number of other investigators with 
leukemics, and infants with congenital immune deficiencies. 

The same sort of effectiveness for the prevention of cross- 
contamination by mechanical barrier techniques can be shown in 
the operating room as has been shown by Burke and his associates 
this afternoon for the care of patients on the ward. 

(Slide) In the operating room the patient is outside rather than 
inside the isolator, and in our isolators half-suits are integrated 
into the walls of the isolator to provide the mobility for the surgical 
team required for complicated major surgery. 

(Slide) In patients undergoing elective surgery, largely intra- 
abdominal we found a significantly lower rate of intraoperative 
bacterial contamination of the operative site and wound and most 
importantly, a substantially lower rate of postoperative wound 
infection when patients operated on by the isolator technique were 
compared with a parallel group of patients operated upon by con- 
ventional techniques. 

(Slide) And just one last point. There are times when it is 
mandatory to deliver a pregnant woman in a way which will ensure 
a germfree baby, that is, when the baby is suspected of having 
a severe immune deficiency disease. And this is a picture of the 
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first germfree baby delivered using the isolator technique. This was 
performed at our hospital (Jacobi, Bronx Municipal Hospital Center) 
about 15 years ago. Since then, such operations have been 
performed in several hospitals in the U.S. and Europe and in some 
instances where the babies have proved to be immunodeficient, they 
have been kept in isolators for years, the longest currently for 
seven years. 

Dr. Burke and his group are to be complimented on showing very 
clearly, and very impressively, the effectiveness and feasibility 
of this sort of technique for preventing cross-contamination and 
cross-infection of seriously burned children. 


Dr. Joun H. Davis (Burlington, Vermont): I think all of us 
realise that the ideal treatment of a burn patient would be the 
immediate excision of all the burn, and immediate grafting within 
the first half-hour after injury. This, unfortunately, is rather im- 
practical in today’s world, although these isolation techniques may 
allow us to begin to use immunosuppressive therapy and skin grafts, 
as Dr. Burke is already doing, to make that, possibly, more feasible. 

Secondly, I think the recovery of the burn patient is usually 
delayed, and morbidity and mortality are greatly increased, by 
the ever-presence of infection, which may gain access through 
cross-contamination—the big source, as he has so clearly shown. 

It has been shown very well that the E. coli in your colon get 
along with you very well, and you get along with them most of the 


time; but if one attempts to change to another E. coli, that type ` 


will last for a short time, and then we will always revert back 
to our own type. So, apparently, we have established some 
biochemical phenomenon which is as yet not understood, which 
means that autocontamination appears to be, as again Dr. Burke 
has shown, less of a problem than cross-contamination. 

I would like to ask Dr. Burke just one question. This appears 
to me to be an excellent and rather simple technique. I have 
followed the work of some authors with this, particularly Dr. Stan 
Levenson and his work, as he mentioned. 

I would wonder if you could give us some idea about the cost; in 
this day and age we are constantly being bombarded with requests 
for reducing costs. A simple wound infection costs about $9000 in 
this country—I have no idea what a burn wound infection may 
cost, but it certainly is greatly in excess of that. 

Secondly, I think this may point once again to the need, as so 
many others have said, of concentrating certain types of major 
surgery today in assigned centers so that this kind of support 
system can be developed and maintained. 


Dr. Boyp W. Haynes, Jr. (Richmond, Virginia): (Slide) Dr. Hench 
and I presen:ed before this Association in 1965 a study in hospital 
cross-infection in burn patients, utilizing an isolator unit such as you 
see on the screen. This is a departure from the total isolation that 
Dr. Levenson referred to, but it still is a significant effort in order 
to treat patients within this environment. As you can see, all food, 
supplies, and so forth, are locked in through this port, and all patient 
therapy is delivered through surrounding ports, with invaginating 
gloves. 

(Slide) A brief summary of that experience taught us two things. 
First of all, as exemplified by this particular patient, it was possible, 
by isolating such a patient within his environment, and by the use 
of intestinal antisepsis, to keep the patient’s wound free of 
Pseudomonas organisms for over three weeks. Upon withdrawing 
the antibiotic agents, prompt Pseudomonas infection occurred. 
This taught us that the g.i. tract was an important reservoir of 
Pseudomonas organisms. 

(Slide) We also learned that although this sort of system offers 
an effective barrier to cross-cottamination, and does permit study 
of problems. of self or autoinfection, it is difficult to carry out 
good nursing care in this environment, because it essentially limits 
contact with the patient. The use of clinical antisepsis on any 
prolonged basis seemed unwise because of complications that might 
arise. 

I think Dr. Burke and his associates should be congratulated 
on this very nice study, because, first of all, they have developed 
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an isolation technique which is simple and direct, is effective and 
easily delivered. Also, they have, as demonstrated by their data, 
effectively diminished cross-contamination with their technique. 
Although autoinfection still occurs, its real significance, I think, 
remains a nagging question. 

By these techniques they have also decreased the amount of 
nursing care we found necessary to carry out this effort, and I think 
they areto be congratulated upon accomplishing significant reduction 
of cross-contamination of patients. 


Dr. Joe Moyan (Milwaukee, Wisconsin): I think this paper 
marks a new era in burn care. As Dr. Burke pointed out, I think 
there are two sources for patient contamination: 1) the environment, 
and 2) the patient’s own endogenous organs. 

I'd like to show you a study that was done a number of years 
ago, and has been continued at the University of Wisconsin. 

(Slide) In order to define the role of environmental versus 
endogenous contamination, like Dr. Burke, we maintained our 
patients in a horizontal laminar flow unit, and also added a bowel 
prep which was continued until the patient developed colonization 
of pathogenic bacteria on the surface of the wound. We used both 
an antibacterial and an antifungal agent. 

(Slide) We frequently cultured these patients, both on admission 
to our unit and throughout their stay there. I might point out that 
all of these patients with burn sizes of 4075 total body surface or 
greater were fresh burns; in other words, admitted to our unit within 
less than twelve hours. Blood cultures were done for any temperature 
above 38°. . 

(Slide) The wound was free of pathogens on the contact surface 
for a period of about 20 days. Important to note is a patient who 
became contaminated on the surface within three days. This was a 
function of organisms present in his nose and throat, as a result 
of an inhalation injury which promoted much expectoration. 

In one third of the patients healing occurred up without any 
pathogenic bacteria ever being cultured on their surface. These were, 
obviously, second-degree burn patients. (Slide) 

Patients with full-thickness injuries had biopsies once a week. 
Again, you will notice that the appearance of the bacteria at the 
interphase between the burned tissue and the viable tissue was much 
longer, except for that single patient. And, indeed, two thirds of the 
patients were prevented autocontamination up to the time of skin 
grafting. 

I think this is a very important paper today, and would like to 
ask Dr. Burke three questions. Could he break down for us the 
number of patients which were admitted to his unit in less than 
24 hours, versus those longer than 24 hours? 

Second of all, of those fresh burns, what was the time of 
contamination of their burn wound? And is there any difference in 
survival of patients who are already contaminated when they are 
admitted to your unit, versus those who receive the benefit of the 
laminar flow without contamination? 


DR. Francis D. Moore (Boston, Massachusetts): This develop- 
ment of Dr. Burke's is simple. It is relatively less expensive, 
although it will be interesting to know the current cost. 

Our method is rather different. It is a UV screen with positive- 
pressure air conditioning, but it accomplishes somewhat the same 
objective, maybe not as perfectly. 

If infection is bad for the burn patient, another thing that's bad 
is multiple, sequential, broad-spectrum antibiotics. I believe that, 
for the most part, they are immunosuppressive. I think many people 
have come to realize that. They produce overgrowth of resistant 
strains, especially Proteus, Pseudomonas and Candida, and they 
tend to induce a sort of a wardwide or hospitalwide colonization 
with bad organisms. 

And I would feel that in Dr. Burke's unit he's probably able 
to get away from the use of a lot of antibiotics in burns. In our own 
unit we have felt that this has been one of our most notable 
advances of the past five or. six years. We use so many fewer 
antibiotics. And we often have patients go through their whole 
course without ever being exposed to these potent but oftentimes 
dangerous agents. 
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So I would just like to ask Dr. Burke, when he is closing, if he 
could tell us if he has found that he uses antibiotics much less with 
the isolation, and also: What is his program with a fresh, very 
favorable burn, coming in early into the isolation— what is his 
program as regards antibiotics, if any? 


Dr. J. F. Burke (Closing discussion): To answer Dr. Davis’ 
question, I don't know what the current market price is. I haven't 
bought one of these things for six years, John, but the initial cost 
when we first developed these was $2400 per unit. That includes 
fans and everything. 

Continuing costs, I can’t tell you for sure, but we have never 
changed the filters yet; so that the systems have the filters that were 
originally put into their structure. They're still there, and I don't 
know when we're going to have to change them. That's going to be, 
I guess, a $400 or $500 cost when it occurs, but, again, I don’t 
know when that's going to be. 

The curtain walls have to be changed, sometimes, between three 
and four times a year, in order to keep visibility at a reasonable 
state. And at the minute, the current cost of a suite of curtain 
~ walls is $180. So that the maintenance cost has not been very much. 

We have never had to increase the personnel. As a matter of 
fact, I think that, all things being equal, we have probably had to 
decrease personnel. Without any question, we have been able to 
decrease personnel over single-room isolation, because if you put a 
sick patient in a single room, that patient has to have three special 
nurses a day. We're on the open ward, and can use team nursing, 
and therefore our nursing costs are lower than they would be in single 
rooms. 

We have never used intestinal antisepsis, for exactly the reasons 
that Dr. Moore has elucidated, and I think we are very much afraid 
of changing the normal flora in either the gut or the respiratory 
tract, and have tried very hard not to do that. 

To answer Dr. Moylan's question, 8076 of the patients who are 
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admitted to the Burns Institute are admitted between six and 18 
hours after injury, and 95% of the ones admitted to the Burns 
Institute get there within six days of injury. 

We have looked at the survival of patients in the patients that get 
contaminated, and although it's a little difficult to give you exact 
numbers on this, there is no question that the patients who become 
bacterially infected have a very much higher mortality than the 
patients who do not become bacterially infected. In addition, the 
patient who becomes bacterially infected with a cross-infecting 
strain is very likely to die, whereas if the patient becomes infected 
with an auto-contaminating strain, the probability is very much less. 

The time of contamination of the fresh burn is, I think, a very 
difficult question to answer, because if you look hard enough—at 
least, we've found that when we look very hard at burn wounds, 
they've all got bugs on them. 

And I think there is another point that it's important to make, and 
that is: I don't make the distinction of a pathogen these days. 
Every bacteria that I've ever heard of has caused an infection. 
They're all, as far as I can see, pathogens, particularly in these 
very severely ill, depleted patients. So we have not tried to break 
down bacteria between pathogens and non-, and we're talking about 
any bacterial growth of any kind on the burn wound as a cross- 
contaminating strain or an autocontaminating strain. 

So that almost all, I think, all but 15% in the unit, 5% in the 
single room, and 11% or so in the open ward with small burns, have 
bacteria isolated from their wounds at some time, and most of these 
bacteria were isolated on admission. 

To answer Dr. Moore's questions, we have noted a marked 
decrease in our use of antibiotics. Our regimen now, perhaps because 
we have so many children, and have so many carriers of beta 
hemolytic strep in the Boston area, is to give the admitting child 
in an acute burn 300,000 units of penicillin a day for three days. 
'Then we give no other antibiotics until there is an invasive wound 
infection, which is documented, usually, by bacteremia, by a positive 
blood culture. 
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Because hospitalization is a key factor in controlling health 
care costs and because fee-for-service remains the predomi- 
nant mode of physician payment, a study was undertaken of 
the hospitalization experiences of open panel fee-for-service 
health maintenance organizations (IPA-HMOs) and Founda- 
tions for Medical Care (FMCs). Ten open panel plans were 
surveyed as to characteristics of their programs, physicians, 
and enrollees and their hospitalization rates. Although data 
were incomplete, three IPA-HMOs, described as case reports, 
did achieve striking reductions in hospital use relative to a 
comparison group or period. Salient characteristics of these 
plans that may influence hospital use are prepayment by 
enrollees, sharing by physicians of some financial risk, and 
effective peer review. Further study is needed, but preliminary 
indications are that IPA-HMOs have a role to play in re- 
ducing health care costs. 


EALTH COST CONTROL is the single most impor- 
tant health policy issue today. Health care costs 
have risen at a considerably more rapid rate than the 
consumer price index, and have increasingly claimed 
the attention of governmental officials and the public. 
Hospital rate-setting, determination of need, health 
planning, and second opinion surgery are but a few of 
the governmental approaches to the problem. How- 
ever, there is no documented evidence to date that 
any of these measures have clearly decreased health 
care costs, primarily because of the numbers of 
variables and the complexities of the systems involved. 
It will take several more years, and the development 
of high-quality data systems, to make decisions con- 
fidently about the success of many governmental 
cost control programs that are currently being tested. 
Hospitalization accounts for approximately 40% of 
health care costs and, as the single largest component 
of them, is a prime target for control measures. Closed 
panel Health Maintenance Organizations (HMOs), 
such as the Kaiser Permanente system, have demon- 
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strated that patient populations can be cared for 
utilizing significantly fewer hospital beds than are 
available to the non-Kaiser- population, and with a 
significant decrease in hospital days-of-care per thou- 
sand enrollees.^* Key features of the Kaiser-type 
HMO arean extensive health benefits package, salaried 
physicians, centralized clinic locations, extensive use 
of screening and paramedical personnel, and a tiered 
hospital system with little duplication of tertiary care 
capabilities. 

However, Kaiser-type HMOs are not favored by 
the majority of physicians, involve high start-up 
costs and constrain access to care because of a limited 
number of primary care sites, in contrast to usual 
arrangements where patients are not restricted in 
their choice of physician and office location. Although 
Kaiser-type HMOs are an established form of organ- 
ized health care delivery, because of the previously 
mentioned factors it is unlikely that many new pro- 
grams will be established over the next several years.? 
And during this time the predominant mode of physi- 
cian organization is likely to continue to be solo or 
small group practice with fee-for-service as the pri- 
mary method of physician payment. Any attempt to 
decrease the hospitalization component of care, there- 
fore, must depend upon organizations specifically 
designed to involve fee-for-service physicians.* The 
Foundation for Medical Care (FMC) is one such 
model that organizes fee-for-service physicians into a 
health care delivery system, and it is the hospitaliza- 
tion experiences of the most comprehensive type of 
FMC, the Individual Practice Association-type HMO 
(IPA-HMO), that are the focus of this paper.? 

In 1976, an article by Gaus et al. in the Social Se- 
curity Bulletin contrasted Kaiser-type and IPA-type 
HMOs with respect to a variety of care delivery char- 
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acteristics, including days of hospital care per thou- 
sand enrollees. Gaus and his associates? found that 
IPA-type HMOs did not exhibit the same decrease in 
days of hospital care per thousand enrollees as did 
the Kaiser-type HMO, finding instead that the IPA- 
type HMO experiences were similar to those of the 
remainder of the fee-for-service sector. The data from 
this article suggest, although do not prove,’ that a 
fundamental difference between the two types of 
HMOs is the method of physician payment: Kaiser 
physicians are paid on a salary basis, while the IPA- 
HMO retains the fee-for-service arangements. Since it 
is the fee-for-service sector to which we must turn 
for any rapid realization of decreased hospitalization 
and resultant cost control, the present study was 
devised to examine in more detail the thesis that 
IPA-type HMOs do not have the potential for de- 
creasing hospitalization. 

If such a study, admittedly incomplete in some 
respects at present, could provide evidence that 
the potential exists for IPA-HMOs to influence hos- 
pitalization rates favorably, a considerable stimulus 
should then be provided to develop and support such 
organizations. 


Methods 


The starting point for the study was some prelimi- 
nary data on the hospitalization results of IPA-HMOs 
that was furnished by Dr. Frank Seubold, the Director 
of the HMO division of the Federal government. 
This, in combination with a survey carried out by 
the American Association of Foundations for Medical 
Care and letters and telephone calls to leaders in the 
field, gave us a list of comprehensive Foundations 
for Medical Care and IPA-HMOs. Telephone con- 
tact was established with many of these organiza- 
tions, and those that could supply the data needed 
for the study were included. Based on this initial 
screening process, eight IPA-HMOs and two FMCs 
were selected. 

Many methodological problems were encountered 
during the course of the study, including: 1) the in- 
ability of some plans to provide all the critical data 
items; 2) internal inconsistencies found in cross-check- 
ing data with several sources in an area; 3) plans 
that had not been operating long enough for mean- 
ingful data acquisition; and 4) in some cases a lack 
of appropriate control groups in the area with which 
-to contrast the experience of the IPA-HMO. Since 
wide ranges in hospital days per thousand people 
exist throughout the country, it was felt desirable to 
have a control group to compare with each group being 
studied. 
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TABLE |. Program Characteristics 
1. Type of Foundation Program 
a. Review 
b. Comprehensive— review with minimum-established ben- 
efit package 


n 


. Health Delivery—review with participating providers 
guaranteeing professional services 
. IPA-type (not necessarily Federally qualified), partici- 
pating providers guarantee professional services and 
accept risk. 
2. Participating Physicians at Risk for 
a. Professional Services (varying degrees of risk) 
b. Inappropriately Ordered Hospital Utilization 
c. Hospital Costs in Excess of Budgeted Amount 
3. Participating Physicians Risk for Hospital Cost (within indi- 
cated category) Limited to. %. 
4. Per cent of Service Area Population Enrolled (or covered) in 
Program. 
5. Average Number of Enrollees per Participating Physician. 
6. Number of Short-term General Hospital Beds per 1000 Persons 
in the Service Area (1975). 
7. Program's Hospital Review Activities 
a. Pre-Admission Certification 
b. Concurrent Admission Certification 
c. Continued Stay Review 
8. Per cent of Participating Physicians in Multispecialty Groups 
of Five or More Physicians. 
9. Service Area Population Per Physician in Service Area. 
10. Program Benefits include 
a. Extended Care and/or Skilled Nursing Facility Care 
b. Home Health Services. 
11. Per cent of Local Physicians Participating in Program 
12. Enrollees Limited to Participating Providers Except Upon 
Referral or in an Emergency. 
13. Program Controls Referrals by Participating Physicians to Non- 
Participating Physicians. 
14. Average Occupancy (1975) for Short-term General Hospitals in 
Service Area (expressed as 95). 
15. Service Area Population (in Thousands). 
16. Number of Participating Physicians. 
I7. Hospital Days Per 1000 Enrollees During Most Recent Year 
(1976 except as indicated). 


[22 


Given these data limitations, we decided to select 
three locations with active IPA-HMOs and use their 
experiences to develop three ‘‘case reports", with 
tables outlining their hospitalization results. As our 
research continues and more complete information is 
obtained, this interim report will be followed by 
a more extensive analysis of the hospitalization 
practices of physicians in different organizational 
settings. Our long term study will attempt to clarify 
some of the fundamental problems in data acquisition, 
as well as explore components of the health care 
delivery system which affect hospitalization. 


Results 


Table One presents the program characteristics for 
each of the IPA-type HMOs and FMCs that were in- 
cluded in the study. The data provided on variations 
in program characteristics gives an overview of the 


physician and patient population involved, as well as 
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of some other important characteristics of the health 
care delivery system in which each health care plan 
functions. Table 2 lists ten programs for which enough 
data was available to be included. The Midwest FMC 
is a claims review FMC and the Santa Clara FMC is a 
comprehensive FMC. Several of the plans have under 
500 days of hospitalization per 1000 enrollees, as 
shown in Column 17. These figures are considerably 
below the national average, but taken alone, have 
limited significance because of the absence of a con- 
trol group. Some of the many qualifications and com- 
plexities of the ten plans are chronicled in the foot- 
notes of Table 2. We do not intend in this paper to 
. further. expand on many of these points, but will 
. follow-up on them in later publications as more evi- 
dence comes in and more definitive statements can 
be made about their importance. To bring further 
focus to this study, the three plans on which rela- 
tively complete data was available are described in 
some detail as ‘‘case reports", with accompanying 
tables of data. 

Table 3 accompanies Case 1 and describes hospital 
utilization in Marathon County, Wisconsin, where the 
Employers Insurance of Wausau have organized with 
the local physicians an IPA-type HMO entitled the 
"Health Protection Plan". An analysis of data in 
Table 3 reveals that the employees of the insurance 
company had 932 days of hospital care per 1000 en- 
rollees prior to instituting the Plan. One year after 
the starting of the plan, days of hospital care per 
1000 had fallen to 532 for the same employee group, 
and in the four ensuing years, this markedly decreased 
hospitalization rate has held up and actually fallen 
below the 500 level on two occasions (during this 
time, the plan has been opened to other employee 
groups in the area). A second comparison group is 
composed of persons covered under three traditional 
group health insurance policies in Marathon County. 
Utilization under these commercial policies has been 
notably higher than under the Health Protection Plan. 
Furthermore, as enrollment in the Health Protection 
Plan has been opened to persons from these higher 
utilizing groups, the hospital utilization experience 
within the Plan has continued to decline. 

The hospital experiences in Case 2 (shown in Table 
4), reveal that the Federal Employee Health Benefits 
Program enrollees under the San Joaquin Foundation 
for Medical Care's IPA-type HMO, had a very similar 
experience in days of care per 1000 enrollees to that 
of Kaiser-Northern California's Group Practice Plan. 
In 1974, days of hospital care per 1000 enrollees in 


the IPA-type was 332 versus 336 for Kaiser, and in. 


1975, the figures for the IPA-type were 278, as con- 
trasted to 362 for Kaiser. Approximately the same per- 


DECREASES IN HOSPITALIZATION 391 


centage of retired individuals was present in each of . 
the two plans, although an assessment of comparability 
at all'age groups and benefits was not possible with 
available data. 

The hospitalization component of Case 3 is de- 
scribed in Table 5. The Physicians Association of 
Clackamus County sponsors the Protecting Circle Plan, 
which is an IPA-type HMO. From 1972 to 1975, the 
hospital days per 1000 enrollees in the Protecting 
Circle Plan were under 500, and in some years less 
than 450 days of hospital care per 1000 were utilized. 
During the same time period, the Medical Service 
Plan in the same area, for three of the four years, 
exhibited a comparatively greater amount of hospital 
care per 1000 enrollees. 


Case Reports 


Case 1. In 1972, in response to interest expressed by businesses 
holding insurance with Employers Insurance of Wausau, and after 
several years of evaluation and study, the company initiated an 
individual practice association-type HMO in cooperation with the 
Marathon County Medical Society and the Wausau Hospitals. The 
first people to be offered enrollment in the program were the 
employees of Employers Insurance of Wausau, and 1972 enroll- 
ment was limited to this one group. Employers Insurance of Wausau, 
which prior to 1972 had indemniüed its own employees’ health 
insurance, also had access to the 1971 claims for hospital care by 
this group. The company, therefore, was in the enviable position 
of having "before" and ''after'" hospital utilization data on the 
same population. In fact, the decision to limit North Central 
Health Protection Plan enrollment during 1972 to employees of 
Employers Insurance of Wausau was made, in part, so that an 
analysis of the impact of the IPA plan on hospital utilization could 
be made. 

As shown in Table 3, the pre-plan (1971) use of hospital care 
(days/1000) by the employees was 6896 higher than was experienced 
during their first year in the Health Protection Plan (1972). A de- 
crease in the average length of hospital stays from 7.4 to 4.5 days 
was the dominant factor in the lower hospital utilization rate, while 


: the admission rate declined only slightly. 


Since the end of 1972, the Health Protection Plan has been of- 
fered to other groups in Marathon County, and enrollment has grown 
from 3300 to 16,000 (as of 1976). Expansion of the program has not 
resulted in any deterioration of program performance. Average 
hospital length of stay has varied between 4.3 and 4.5 days, ad- 
mission rates have declined about 10%, and hospital days per 1000 
plan enrollees has declined each year (with one exception) to a 
current level of 469 days. 

Table 3 also depicts hospital utilization under three commercial 
health insurance accounts issued by Employers Insurance of Wausau 
to corporation's in Marathon County. Employers Insurance of 
Wausau now offers the Health Protection Plan on a dual choice 
basis to each of these accounts. Consequently, the number of per- 
sons (employees and dependents) covered under these three com- 
mercial accounts has declined from 6,300 in 1972 to 1,600 in 1976 
as the Health Protection Plan option became available to the em- 
ployees of these corporations. 

A review of the hospital admission rates, average length of stay, 
and hospital days confined per 1,000 enrollees for these three 
accounts during the period 1971 through 1976 reaffirms the im- 
pression that the Health Protection Plan has contributed to a 
decline in overall hospital utilization, and that this is more the 
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TABLE 3. Hospital Utilization Within North Central Health Protection 








1971* 1972 1973 
Hospital LÀ Adm./ Days/ # Adm./ Days/ # Adám./ Days/ 
Group Experience Persons 1000 ALOS 1000 Persons 1000 ALOS 1000 Persons 1000 ALOS 1000 
All Enrollees, Health Protection Plan (HPP)* 0 — — — 3,261 121 4.5 552 7,677 115 4.5 518 
Commercial Account, Employers Insurance of 
Wausau 3,1168 126 74 932 — — — — — — — — 
Commercial Account, Wausau Paper Corporationt 2,762** 108 6.5 701 2,988 104 7.3 763 2,450 135 6.4 668 
Commercial Account, Mosinee Paper Corporation 380** 200 10.4 2,079 796 82 5.8 472 152 H2 7.8 875 
Commercial Account, Drott Manufacturing ` 
Corporation§ n/a** n/a n/a n/a 2,560 130° 4.9 639 1,942 134 5.5 733 
Combined Commercial Accounts, Wausau Paper, 
Mosinee Paper, and Drott Manufacturing n/a n/a n/a n/a 6,344 112 6.0 676 4,544 118 6.0 703 








Source: All statistics derived from raw data (average number enrollees, number admissions, total days confined, and total number of employees) provided by Mr. Jacob Spies, 
Assistant Vice President for Health Care Systems, Employers Insurance of Wausau. 

* Health Protection Plan initiated January 1, 1972. During 1972 the only members of HPP were employees of Employers Insurance of Wausau. Data from 1973-1976 includes 
HPP enroilees from other groups also. Data reported for calendar year. 

t HPP offer2d to this account beginning February 1973, for salaried employees and June 1976 for union employees. Information reported in this row reflects hospital utilization 
of employees covered under commercial account only. Hospital experience of employees under HPP is included in top row of table. Data reported for March 1 to February 23. 

$ HPP offered to this account beginning August 1973. Information reported in this row reflects hospital utilization of employees covered under commercial account only. Hospital 
experience of employees under HPP is included in top row of table. Data reported from February 1 to January 31. 


result of effectively controlling the length of admissions rather than 
the number of admissions. Only the commercial account with the 
smallest enrollment (Mosinee Paper Corporation) demonstrates a 
hospital utilization experience that challenges that of the Health 
Protection Plan, and this challenge is only intermittent (1972 and 
1974). That these two years of low utilization under the Mosinee 
Paper Corporation account are most probably the result of statistical 
variation is indicated by the observation that hospital utilization in 
each of the preceeding and following years is 50 to 400 per cent 
higher than the 1972 or 1974 rates. By comparison, hospital utiliza- 
tion within the Health Protection Plan has shown a highly consistent, 
moderate race of decline. Over the operational span of the Health 
Protection Flan (1972-1976), hospital utilization has run approxi- 
mately 3896 higher within the three commercial groups for which 


data are available as compared to the rate for the Health Protection 
Plan. 

All of the physicians (95) in Marathon County participate in the 
North Central Health Protection Plan. As participating physicians, 
they accept 10076 risk for professional services required by the 
enrollees and, after two preliminary steps, 100% risk for the cost of 
hospital utilization determined, through peer review, to have been 
inappropriate. Diagnostic admissions (not necessitating in-patient 
work-up) or admissions continued beyond the assigned length of 
stay without an approved extension are examples of inappropriate 
hospital utilization as defined by the program. The first time that peer 
review determines that a specific physician has ordered inappropri- 
ate hospital utilization, a letter is sent to him from the program's 
peer review committee that discusses the problem. Upon a second 


TABLE 4. FEHPB Hospital Utilization Under Selected California Programs 





Year 

Non-Maternity Hospital Utilization Experience Persons 

Group (000) 
Employees, Annuitants, and Dependents Covered 

by FEHBP selecting San Joaquin Foundation for 

Medical Care's Individual Practice Plan* 4.59 
Employees, Annuitants, and Dependents Covered 

by FEHBP selecting Kaiser-Northern Califor- 

nia’s Group Practice Plan* 140.80 


Employees, Annuitants, and Dependents Covered 
by Blue Cross-Blue Shield under the FEHBP 
Residing in Californiat — 

















! Estimated from total number of Federal subscribers in California selecting Blue Cross-Blue Shield Program which was provided 
by Mrs. Shirley Harris of U.S. Civil Service Commission, Bureau of Retirement, Insurance and Occupational Health. Number of subscribers 
as of July, 1975 (122,636) was multiplied by 2.813 (the average conversion factor between total subscribers and total covered persons 
under the FEHBP for national Blue Cross-Blue Shield, Kaiser of Northern California, and Kaiser of Southern Cakfomia programs in 
1975 as reported in Table D-6 in the Annual Report of Financial and Statistical Data for Fiscal Year Ended June 30, 1975 of the U.S. 
Civil Service Commission, Bureau of Retirement, Insurance and Occupational Health) to yield 345,016 estimated persons covered. 

Sources: * Derived from Table D-5, Annual Report of Financial and Statistical Data for Fiscal Year Ended June 30, 1975 and Table D-5, 

Annual Report of Financial and Statistical Data, Fiscal Year, 1976. Both by U.S. Civil Service Commission, Bureau of 
Retirement, Insurance and Occupational Health. 

t Number of subscribers, total non-maternity admissions (35,712) and total hospital days for non-maternity admissions (237,667) 
provided by Mrs. Shirley Harris (see note #1 above). 


1974 1975 
X 
Adm/ Average  Days/ Persons Adm/ Average  Days/ 
1000 LOS 1000 (000) 000 LOS 1000 
59 5.6 332 6.25 48 5.8 278 
50 7.1 356 145.28 51 (374 362 
— — — 345.021 104 6.7 689 
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Plan and Selected Commercial Accounts in Marathon County, Wisconsin 





























1974 1975 1976 1972-1976 

: Avg. Adm./ Days/ 

# Adm./ Days/ # Adm./ Days/ # Adm./ Days/, $ 1000/ 1000/ 
Persons 1000 ALOS 1000 Persons 1000 ALOS 1000 Persons 1000 ALOS 1000 Persons Year ALOS Year 
10,794 112 4.4 494 11,695 117 4.5 527 16,000 109 43 469 9,885 113 4.4 501 
2,409 105 7.4 775 2,429 84 7.2 608 1,055 99 5.8 574 2,266 100 7.0 694 
162 80 5.4 432 177 85 7.9 667 180 78 14.4 1.122 293 85 73 614 
451 211 5.2 1,086 454 97 6.5 628 401 92 5.9 541 1,162 133 5.3 697 
3,022 119 6.7 803 3,060 86 -71 614 1,636 95 6.6 627 3,721 110 6.2 689 





8 HPP offered to this account beginning June 1973. Information reported in this row reflects hospital utilization of employees covered under commercial account only. Hospital 
experience of employees under HPP is included in top row of table. Data reported from November 1 of previous year to October 31 of current year. 

Data reported for Wausau Paper Corporation is actually from period of March 1, 1970 to February 28, 1971. 

{ Calculated from 2,904 total hospital days and 932 days per 1000 enrollees as reported by Employers Insurance of Wausau. 

** All data reported on Number of Persons covered under commercial accounts for Wausau Paper, Mosinee Paper, and Drott Manufacturing are estimates derived by multiplying 
the monthly average number of employees covered under the commercial account by 3.7, the average family size reported by Employers Insurance of Wausau. 


occurence by a single physician, a letter is again sent by the commit- 
tee, but all participating physicians are notified and the program is 
reimbursed for the cost of the inappropriate hospital care from the 
funds available in the capitated account maintained to pay physi- 
cians for their professional services. If this physician orders any 
additional inappropriate hospital care, the cost of that care is de- 
ducted from future payments to him for his professional services. 
This acceptance of risk by the physicians coupled with the 15% 
marketing penetration of the plan were noted by a program repre- 
sentative as factors increasing the cost consciousness of local 
physicians. . 

Factors complicating a review of hospital utilization during the 
1970s in Marathon County are the merger of two general hospitals 
during this period, a reduction in stages of the number of beds at these 
two hospitals from 400 to 284, and the conversion of a 160 bed 
long-term psychiatric facility to a 45 bed short-term facility.* How- 
ever, even at this reduced bed level, 1975 occupancy averaged 
only 69% at the general facilities and 67% at the psychiatric facility.* 
Finally, the data provided by the Health Protection Plan, or any of 
the other contacted health programs, was not in sufficient detail to 
adjust for age structure variation. 

Case 2. The San Joaquin Foundation for Medical Care's individual 
practice plan has been offered to Federal employees and annuitants, 
and their dependents, residing within the plan's service area, for 


* In 1972, there were 395 short-term general hospital beds in 
Marathon County, 162 long-term psychiatric hospital beds, and 11 
long-term TB beds. By 1974, there were only 318 short term general 
hospital beds and 149 long term psychiatric beds. By 1975, the 
supply of general hospital beds had further declined to 284, while 
the 149 bed long term psychiatric facility was reorganized as a 45 
bed short term psychiatric facility. 


over 15 years. It is one of the nine individual practice plans partici- 
pating under the Federal Employee Health Benefit Program 
(FEHBP), which was established in 1960. Thirty-one group prac- 
tice plans, including Kaiser of Northern California, are also offered 
under FEHBP to eligibles residing in the areas served by one of 
those plans. There are, in addition, two government-wide pro- 
grams open to all eligibles regardless of residence. The largest of 
these government-wide plans is that of Blue Cross/Blue Shield. 

Although variations in benefits between plans exist, all of the 
participating individual practice plans and most of the participating 
group practice plans (including Kaiser of Northern California) are 
classified as high option plans only." In addition, the subscription 
charges levied for the San Joaquin and Kaiser of Northern Cali- 
fornia differ by less than 5%," and charges for both these plans 
are less (approximately 25% for individual and 18% for family 
coverage) than the charge for the Blue Cross/Blue Shield high op- 
tion plan, but substantially more than the charge for the Blue Cross/ 
Blue Shield low option plan. 

As of June 30, 1975, 929 Federal employees had selected the San 
Joaquin individual practice plan program, while 40,370 had selected 
the Kaiser of Northern California program.” These subscriptions 
represent approximately 15% of the Federal employees in the San 
Joaquin service area, and 3496 of the Federal employees in the 
service area of Kaiser of Northern California, the nearest group 


* According to the Statistical Abstract of the United States, 1975, 
there were (as of 1973) 6,300 Federal employees in the Stockton 
(San Joaquin County) SMSA; and 116,900 Federal employees in the 
San Francisco, Sacramento, San Jose (Santa Clara County) and 


"Vallejo-Fairfield-Napa SMSAs (as of December 1973, the Kaiser of 


Northern California program operated hospitals in each of these 
SMSAs). 


TABLE 5. Hospital Utilization Among Enrollees of the Physicians Association of Clackamus County 

















Year 1972 1973 1974 1975 
ADM Days ADM Days ADM Days ADM Days 
— AVE —— AVE —— AVE —- AVE 
Plan 1000 LOS 1000 1000 LOS 1000 1000 LOS 1000 1000 LOS. 1000 
Protecting Circle Plan 103.0 3.89 400.7 111.9 4.36 487.9 116.2 4.08 474.1 113.6 3.96 449.9 
Medical Service Plans 117.0 4.63 541.7 116.4 4.95 576.2 94.8 5.03 476.8 109.2 4.86 530.7 


Source: Office of Mr. Thomas Bechtol, General Manager, PACC. 
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practice plan. A portion of this variation in penetration is probably 
due to the very low maternity care benefit offered by the San 
Joaquin program. A spokesman for the Bureau of Retirement, 
Insurance and Occupational Health indicated that, because a 
much more comprehensive maternity benefit is available through 
the high option Blue Cross/Blue Shield program, families planning 
pregnancies simply shift to Blue Cross/Blue Shield during annual 
enrollment periods. Another comparison between the San Joaquin 
and Kaiser of Northern California enrollments is that 26% of the 
FEHBP subscribers to both programs were annuitants” as of June 30, 
1975. Although more complete information about the age of enrollees 
covered by each of these programs would be very useful, this 
data was not available from either published or unpublished sources 
within the Bureau of Retirement, Insurance and Occupational 
Health. 

The 1975 and 1976 Annual Reports for the Federation Employees 
Health Benefits Program also include estimated utilization ex- 
perience, by plan, for calendar years 1974 and 1975 respectively 
(Table D-5 in each Report). Due to the previously mentioned low 
maternity care benefit under the San Joaquin program, this plan 
has experienced very few maternity admissions or related hospital 
days. Therefore, in constructing Table 4 which summarizes hospital 
utilization under the San Joaquin, Kaiser of Northern California, 
and (for California residents only) the Blue Cross/Blue Shield pro- 
gram under FEHBP, only nonmaternity admissions and days have 
been utilized. 

Undoubtedly, there are differences in benefit schedules and 
enrollee characteristics that are not adequately taken into account 
in Table 4, and the statistics are offered as broad indicators only. 
We feel, however, that the available statistics tend to support the 
conclusion that, at least for the sub-population of persons covered 
by FEHBP, the IPA plan of the San Joaquin FMC is more effective 
than the traditional Blue Cross/Blue Shield approach in reducing 
hospitalization, and much more closely parallels the impact of the 
Kaiser of Northern California program, a group practice program 
that is generally conceded to be effective in reducing hospital utili- 
zation. Clearly, given the data limitations (including the observa- 
tion by a representative of the Bureau of Retirement, Insurance 
and Occupational Health that his office generally publishes the data 
reported to it by the participating programs without any checking), 
these conclusions must be tentative. For this reason, no special 
significance is placed upon the 1975 data indicating that the IPA 
plans's hospital experience is even lower than the group practice 
plan. 

The San Joaquin Foundation for Medical Care has been opera- 
tional in the Stockton, California area since 1954. The persons en- 
rolled in the individual practice plan of the Foundation, under 
FEHBP, represent only a small portion of the area population. 
However, the Jocal physicians have a great deal more involvement 
with the Foundation through arrangements to provide services on a 
straight fee-for-service basis, professional fee review, and peer re- 
view for approximately 70,000 persons covered by commercial in- 
surance programs (meeting the minimum benefit package require- 
ments of the Foundation) contracting with the Foundation. Thus, 
the Foundation has a much more important influence on professional 
activities in the San Joaquin area than is suggested by looking only 
at enrollment under its FEHBP plan. 

The Foundation services San Joaquin, Alpine, Amador, Calaveras 
and Tuolumne Counties in California, an area of 350,000 persons. 
The character of this area varies from the city of Stockton to Alpine 
County where the population density is only 0.6 persons per square 
mile. Some 270 physicians participate in Foundation programs, 
about 80% of all physicians in the service area. Few, however, 
are in large multi-specialty groups. Within the FEHBP plan, partici- 
pating physicians are at risk for up to 20% of the amount they 
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claim for professional services, but the remainder (and all hospital 
costs) is covered by the purchase of reinsurance by the Founda- 
tion. Concurrent admission and length of stay reviews are conducted 
by the local PSRO on hospitalized beneficiaries under the FEHBP 
of the Foundation, but not every case is screened. 

There are approximately 1250 short-term general hospital beds 
in the program's service area, at 13 hospitals. Occupancy, in 1975, 
javeraged 62% at these facilities, and ranged from 39% to 85%.! 
Thus, there does not appear to be any significant pressure for _ 
available hospital beds (even at the large facilities), a factor which 
might have accounted for the low hospital utilization by Federal 
employees within the San Joaquin individual practice plan. Further- 
more, the program was not highly dependent on out-of-area hospital 
resources, as out-of-area cases accounted for only five to ten per 
cent of total non-maternity admissions in the program (the com- 
parable figures for the Kaiser of Northern California program under 
FEHBP were about 20% in both 1974?° and 1975). 

Case3. The Physicians' Association of Clackamus County (PACC) 
was established in 1938. Originally, the only type of plan offered by 
PACC was ''medical service plans’’ which offered free choice of 
physicians (both in and out of Clackamus County) and a variable 
level of office, hospital, nursing care, major medical, and other 
types of care depending on the premium level. In the early 1960s, 
PACC began developing a HMO program in response to consumer re- 
quests for broader coverage at lower costs. PACC's first step was to 
offer ‘‘medical service plans” limiting enrollees zo receiving care 
through member physicians only. These plans were found to cost 
from eight per cent to 18% less than traditional ‘‘medical service 
plans" having the same service benefits. By 1970, PACC began to 
offer a second type of plan that evolved from the above experi- 
mentation. This plan, called the ‘‘Protecting Circle Plan", is an 
individual practice-type HMO program in which covered persons re- _ 
ceive comprehensive, paid-in-full physician, hospital, maternity, 
home health and other services from participating providers (physi- 
cians, optometrists, medical laboratories, physician therapists, 
home health care agencies, psychologists, pharmacies, hospitals, 
and nursing homes). i 

Under most existing service plan contracts, enrollees may go to 
any participating or non-participating physician. Sixty per cent of the 
physician services provided to these enrollees is provided by partici- 
pating physicians, and hospitalizations arranged oy participating 
providers are subject to the same review procedures as under the 
Protecting Circle Plan. These include concurrent reviews of the 
appropriateness of some admissions of PACC members by at least 
one physician member of the Review Committee, and similar con- 
current length of stay reviews for each admission. Questioned 
cases which cannot be settled by discussion between the review 
physician and the attending physician are taken up by the Review 
Committee. If a decision is reached that hospital care is no longer 
appropriate, arrangements are made, with the consent of the attend- 
ing physician, for the patient’s discharge or transfer, ar for the patient 
to stay in the hospital at his own expense. 

In the Protecting Circle Plan, members must go tc a participating 
physician. If that physician wishes to refer the member to a non- 
participating physician, prior approval of the referral is necessary. 
Almost all admissions are made by participating physicians, and 
are subject to the concurrent reviews previously discussed. Thus, 
while only about 60% of the service plan admissions are arranged 
by physicians at risk and subject to review, the comparable figure 
for the Protecting Circle Plan is close to 100%. Table 5 shows the 
hospital utilization of medical service plan and Protecting Circle 
Plan enrollees (with the exception of any Medicare supplemental 
coverage) from 1972 through 1975. Although average membership 
figures are not available for each of the years, 1975 enrollment 
was 7700 in the Protecting Circle Plan and 16000 in the medical - 
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service plans. As shown in Table 5 average hospital length of stay 
has consistantly been lower (12— 1996) in the Protecting Circle Plan 
than in the service plan, but the admission rates have not shown 
any constant relationship (Protecting Circle Plan rate has varied 
from 88 to 12296 of the service plans rate and, as of 1975, is running 
about the same). 

Less than ten physicians in Clackamus County fail to participate in 
both the medical service plans and the Protecting Circle Plan. In 
addition, more than 100 physicians in neighboring areas (mostly in 
the referral specialties, and primarily in Portland) participate in the 
Protecting Circle Plan. There is only one large multispecialty group 
(seven physicians) among the participating physicians within 
Clackamus County and a few more among the participating physi- 
cians in the Portland area, but most physicians are in solo, partner- 
ship, or single specialty arrangements. There is only one short-term 
general hospital bed in Clackamus county per 1000 residents, but a 
significant portion of the hospital care is obtained in neighboring 


areas. This is confirmed by the 13 participating hospitals in the. 


Protecting Circle Plan; only three are in Clackamus County, seven 
are located in Portland and the remainder are at three other nearby 
sites. The hospitals in Clackamus County have only 217 beds and 
an average 1975 occupancy of 64%,' so all indicators point to the 
neighboring hospitals being important sources of care. 


Discussion 


Our study indicates that at least some IPA-type 
HMOS consisting of fee-for-service physicians have the 
capacity for remarkably decreasing hospitalization of 
their patients. These findings indicate that the Gaus 
study, which suggested a lack of effectiveness of IPA- 
type HMOS is not conclusive and our data indicate that 
in at least one area, the IPA-type HMO hospitalization 
experience is similar to that of the closed panel HMO. 
Many methodological and statistical questions must be 
answered before definitive statements can be made, but 
this data represents the best information available at 
the present time. It is impossible to obtain certain kinds 
of statistical information that would be necessary to 
characterize adequately the experience of various 
health care plans, and this has stimulated us to under- 
take our long term study which focuses both on acquisi- 
tion of appropriate data and its analysis. 

We have explored some of the factors that appear to 
be responsible for the decreased hospitalization asso- 
ciated with some IPA-HMOS. First, the physicians 
were at a significant financial risk in our three case 
studies. This was true with all three cases for physi- 
cian's fees, and in the case of Wausau, for inap- 
propriate hospital utilization, and in Clackamus for 
hospital costs in excess of the budgeted amount. We do 
not have adequate data on health care plans in which 
the physicians are not at financial risk, but sharing of 
financial responsibility was associated with the plans 
we studied that exhibited striking decreases in hos- 
pitalization. One of the fertile areas for future investi- 
gation is the appropriate degree of financial risk that the 
physician should bear so that he will economize when 
possible, but not be subjected to personal financial in- 
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centives to underutilize medically desirable diagnostic 
and treatment procedures. 

Whether the number of beds available in the com- 
munity was a significant factor in the decreased hos- 
pitalization experiences associated with the three 
cases cannot be determined with the existing data. It is 
currently assumed that the comparatively low hospital 
utilization in the Kaiser system is at least partially 
based on the availability of only the number of hospital 
beds which are absolutely required, with patients re- 
ceiving every service possible on an ambulatory basis, 
including a considerable amount of less complicated 
surgery and diagnostic work-ups.* It will be important 
to analyze critically the supply of beds in any com- 
munity that develops and IPA-HMO with physician 
risk-sharing, to see whether an amply-bedded com- 
munity that develops an IPA-HMO with physician 
control than those with a more limited bed supply. This 
point clearly has an important relationship to the health 
planning and determination of need processes, which is 
based on the assumption that decreased bed availability 
and lack of duplication will save money in the system. 
It may be significant that all three of the cases with 
decreased hospitalization experiences had program 
benefits which included extended care and/or skilled 
nursing facility care. The plans thus provided the means 
for earlier discharge of hospitalized patients, and it is 
possible that areas without such facilities and plans 
providing extended hospital services will exhibit higher 
hospital utilization rates as a result. 

One feature that appears to be present in all the plans ' 
with significant decreases in hospitalization is effective 
peer review, although it is extremely difficult to 
quantify the peer review process. Wausau, for ex- 
ample, found that introduction of rigorous hospitaliza- 
tion review led to a striking change in the days of 
hospital care per 1000 enrollees. Other factors such as 
the per cent of the physicians practice involved in the 
prepaid plan, numbers and percentage of physicians in 
an area who participate in the plan, aggregation of 
physicians into groups, and size and other characteris- 
tics of the service area population are among the many 
other factors that need to be studied to determine 
their impact on hospitalization. 

There is a considerably more realistic discussion and 
understanding by the public on the question of how 
national health insurance should be financed than there 
is about the way the health care delivery system is 
organized and managed. It is imperative that any 
additional financing program for health services be 
structured so as to provide incentives for all com- 
ponents of the health care system to exert control over 
unnecessary utilization of. diagnostic and treatment 
procedures. It seems undoubtable that some hospital 
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stays are prolonged beyond the time when such high 
cost care settings are absolutely necessary. Peer re- 
view practices of the FMCs, and the PSROs which de- 
veloped as a result of them, indicate that significant 
decreases in unnecessary hospital utilization can be 
accomplished. However, in the absence of an or- 
ganized health care system with a complete range of 
hospitals, intermediate care facilities, nursing homes, 
and home care services available, the physician is 
often faced with a difficult decision when he is asked 
to discharge a hospitalized patient who has no one to 
care for him at home, or who pleads for ‘‘an extra day 
or two” for personal reasons. 

Since the primary purpose behind attempting to de- 
crease hospitalization is cost control, it should also 
be pointed out that there is strong evidence for over- 
utilization of laboratory services, in addition to un- 
necessary hospitalization. However, many of the hos- 
pital rate control measures which have been intro- 
duced fiscally penalize hospitals which can effect a 
decreased utilization of ancillaries. This factor, coupled 
with the increased visibility of skyrocketing profes- 
sional liability premiums, and the resultant thrust 
towards the practice of defensive medicine, results in 
increased utilization of laboratory services each year. 
This occurs in the almost complete absence of estab- 
lished guidelines which delineate appropriate limits 
for ancillary utilization. 

It appears, therefore, that the health care delivery 
system is in the process of being restructured and thus 
the major questions relate to the form that restructur- 
ing will take, and who will do it. The physician must 
be a key actor in the restructuring, for although his 
fees only account for 15% to 20% of the health 
dollar, his orders for diagnostic and treatment pro- 
cedures result in approximately 80% of health care 
costs. Can the physician, by sharing a sufficient degree 
of financial risk for unnecessary diagnostic or treatment 
procedures, practice a more cost effective medicine, 
while at the same time maintaining its quality? Is 
the organizational structure in which he practices, if 
it includes such factors as aggregation of physicians 
into a critical mass, and high quality management, 
adequate to effect a sufficient degree of cost control? 
As the government increases its contributions in the 
form of more health care dollars, this increased fund- 
ing will be accompanied by either direct government 
control or an extension of regulations. The basic ques- 
tion is whether the private practice of medicine, as it 
currently exists, can long survive without the develop- 
ment of strong management organizations, with both 
financial and other incentives built-in to practice pat- 
terns, so that physicians regularly assess the economic 
as well as quality impact of their actions. We think not. 
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The danger in this is that the physician will so decrease 
his hospitalization and utilization of laboratory and 
treatment procedures that his patients will receive less 
than high quality medical care. To the best of our 
knowledge, this is arare event, and peer review mecha- 
nisms could be set up to monitor ‘‘underutilization’’. 
The problem currently appears to be at the ‘‘overutili- 
zation’’end of the scale. A judgment is involved here, 
contrasting the value of medical services with programs 
to alter life styles or prevent the development of 
disease. There are many who feel that increased financ- 
ing for the present medical care system would only 
lead to more elaborate technology and the delivery 
of more episodic medical services with a questionable 
inpact on health care outcomes. The medical profession 
will increasingly be held to standards which will require 
demonstration of efficacy in terms of patient outcomes 
for diagnostic and treatment procedures. The profes- 
sion must define the range between under and over- 
utilization, thus providing the basis for economizing on 
health services with confidence that medical care 
quality will not be affected. 

It seems clear that if the medical profession itself 
does not provide some answers to the cost control prob- 
lem, the government will. This probably will take the 
form of increasingly rigorous fee schedules for physi- 
cians, rate ceilings for hospitals, and planning decisions 
about facilities that will often seem arbitrary, unin- 
formed or misdirected. However, the only alternative 
for organized medicine is to seize the initiative and pro- 
vide a cost effective alternative to a government run 
national health service. 

The evidence which we have accumulated in this 
preliminary report indicates that, under appropriate 
circumstances, fee-for-service physicians can be aggre- 
gated into organizations which can effect significant 
changes in hospitalization practices. Hospitalization 
is only one major component of a very complex system, 
but our findings offer hope that the private sector can do 
the job. We plan to continue and expand these studies 
to analyze the factors which are responsible for hos- 
pitalization of patients, and relate this component of 
health care costs to the overall health care delivery 
system. 


Summary 


A study has been made of organizations of fee-for- 
service physicians which have provided care for their 
patients under an [PA-type HMO plan. Three IPA-type 
plans studied in detail achieved a striking decrease in 
hospitalization of their patients after introduction of the 
plan, or in contrast to a comparison population. Some 
of the important factors that appear to contribute to 
the decreased hospitalization are prepayment, involve- 
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ment of some sharing of the financial risk by participat- 
ing physicians, effectiveness of the peer review pro- 
cedures, and high-quality management of the IPA-type 
HMOS. It is concluded that organization of fee-for- 
service physicians have considerable potential for con- 
trolling hospitalization under appropriate circum- 
stances, and every effort should be made to encourage 
both a continuing analysis of the factors responsible 
for favorable hospitalization results and the further 
growth of IPA-HMOS that have those characteristics. 
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DISCUSSION 


Dr. CLauDE E. WELCH (Boston, Massachusetts): This is a re- 
markable piece of work. It involved a tremendous amount of 
digging for original material. It has been analyzed carefully and 
will be studied very closely in Washington. 

As I see it, one of the important features of this presentation 
is the concept of fee-for-service. Many of us have a gut feeling that 


fee-for-service is great, and that it provides enough incentive to keep - 


medicine working the way that it should. Many other people have 
a very similar gut feeling, but exactly the opposite; namely that 
fee-for-service produces overutilization, and this is what is costing 
us so much in our medical care. I suspect that Dr. Egdahl thinks 
that unrestrained fee-for-service can be dangerous, because he has 
proposed several ways that will make it palatable to everyone and 
will restrain costs. He mentioned them on the next-to-the-last slide: 
the matter of prepayment, the involvement of financial risk by doc- 
tors, effective peer review, and, finally, good management. Probably 
other items will appear as he studies this matter further. 

For example, in the large metropolitan hospitals, where they ob- 
tain patients from many other areas, and effective discharge mecha- 
nism will become much more important than in the local hospitals, 
other items may turn out to be very, very important. But, at any 
rate, he has the very sanguine hope that fee-for-service can survive 
under these circumstances, and I certainly hope he is right. 

Other problems will almost immediately appear, if this one can be 
solved. And the first and most important one will be, to use one of 
his favorite phrases, what's the trade-off? Will there be a reduced 
cost of hospitalization that will be counterbalanced by increased 
costs in the out-patient department. Unrestrained use of the x-ray 
machines, for example, body scanners, and so forth, could negate 
any decrease and costs of hospitalization. Other important ques- 
tions will arise. 

One of them will be this one of how much will machines control 
the cost of medicine? Are we going to practice it by machines or 
by doctors? 

Another item that will be very difficult. involves cost-benefit ratio. 
Surgeons are particularly interested in therapeutic measures; they 
like to do things that cure people. Some other doctors are ac- 
customed to think that they have done a great job when they 
diagnose a disease that is incurable, and think that perhaps that 
is almost as effective as curing a surgical patient. Some how or other, 
someone has to evolve a cost-benefit ratio for cure versus prognosis, 
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and then I suspect that the surgeons will remain on top again; but 
that remains to be seen. 


Dr. GeorGce R. DunLor: If we as physicians are going to 
provide an effective alternative to some sort of federally admin- 
istrated health care, we must have more studies such as Dr. Egdahl 
has given us this afternoon. I think the public, if anything, are 
oversold on what they believe we as a profession can do for their 
health care. In fact, many of them believe that it will be only by 
constant monitoring that they can preserve their health, that their 
bodies are on the verge of disintegration, and they are perfectly 
willing to have us dip into this premium pool in order to keep 
them going. 

What they are really more concerned about, and what they need 
to be reassured on, is the fact that we are as concerned about the 
cost of the administration and delivery of our health care as they are. 

The increasing, and at times unnecessary, use of our support serv- 
ices is one of our most costly items, and can only in part be identi- 
fied as defensive medicine. There are too many of us who would 
like to explain it all on the basis of defensive medicine. 

I agree with Dr. Egdahl that we must begin to assess the economic 
as well as the quality impact on our actions. To do this, we need 
more data on the cost-effectiveness of the services that we are order- 
ing for our patients. We must reexamine our practice patterns against 
the new technology as it emerges, and we must carry this message to 
the student body and to the residents in training. 

To change our professional life-style, and to change the course of 
our massive and complex health system, will require a number of 
things. 1) We must have firm data to support the need for action. 
2) We need financial incentives built into the fee-for-service system 
which will reward knowledgeable and prudent practice. 3) We need, 
as Dr. Egdahl has pointed out, some degree of risk-sharing. 4) There 
should be some general agreement on national health priorities, in 
which process the public must share, as these decisions are social, 
rather than purely medical. 

Now, this morning we heard Dr. Humphrey read a report on a 
thoughtful study dealing with the screening for breast cancer. We 
need this information, but are we prepared to go to the public and 
support the categorical screening for disease? Where do we stand 
when the transplanters and the bypassers, the screeners, and the 
cardiac pacemakers, are all competing for diminishing health care 
dollars? 

It is my hope that members of this Association will begin to 


398 


include the data in their papers that will help guide us all when 
these national health priorities must be established. 


Dr. C. ROLLINS HANLON (Chicago, Illinois): As has been 
emphasized by the two previous speakers, this is a critically urgent 
problem, namely, the relation between cost and quality in the pro- 
vision of medical care and the cost-benefit ratio, as Claude indi- 
cated, has to be determined by data such as those which Dr. Egdahl 
and his co-workers are developing. 

I believe that Dr. Dunlop in his Presidential Address last year 
emphasized, as he has said today, the question of the overuse and 
indiscriminate use of support services. What Dr. Egdahl concentrates 
on in this paper is the excess, or at least the inordinate use of 
hospitalization, which, of course, subsumes many of the support 
services that George Dunlop has spoken of. 

The question that immediately arises is: If you reduce hospitaliza- 
tion critically, where does it begin to affect the quality of the care? 
In other words, if the way to save the most money in hospitaliza- 
tion would be to abolish hospitals altogether—that's a reductio ad 
absurdum, but as Harry Schwartz has said on one occasion, the 
ultimate economy in medical care is death. If you want to reduce 
cost excessively, you have to reduce hospitalization. Can you do it 
and still not diminish the quality of care? 

For surgeons, we need to heed the admonition given by George 
Dunlop and others. When we contemplate hospitalization for a pro- 
cedure that we wish to do, we can take several viewpoints. We 
can first of all not do the procedure; that is being foisted on us to a 
degree by second opinion programs and other devices. 

Second, if we are going to do the procedure, it can be done not 
in high-cost, acute care hospital areas, but, rather, as an outpatient 
procedure. Or you can take an in-between technique, and do it ina 
high-cost acute care area, and then promptly transfer the patient to 
a long-term care facility. That introduces questions of whether you 
actually reduce the cost, and, indeed, questions of efficiency, be- 
cause the long-term care industry in this country is in a largely 
unsupervised, and, in many cases, a parlous state. 

It is important to recognize that Dr. Egdahl has stressed that these 
are tentative conclusions, because the data are really insufficient, 
although they are superb as he presented them, and as you see them 
in the manuscript. 


Dr. C. BARBER MUELLER (Hamilton, Ontario): I would like to give 
you a few observations on the Canadian experiment with a National 
Health Insurance program, so that you have at least some reference 
point from your great neighbor to the north. 

The per cent of the GNP which is spent in the two countries is 
almost identical; about 0.2% different, approximately 8.3 to 8.5 in 
Canada; Dr. Egdahl's figures showed 8.3 in the U.S. 

Thirteen to 14 years ago federal enabling legislation and a cost- 
sharing program put hospital insurance in the care of the provinces, 
and seven to eight years ago a similar federal legislation made 
professional fee insurance likewise a provincial insurance pre- 
rogative. All of the provinces decided to use this and cover all pro- 
fessional services administered, whether in or out hospital. 

I can speak chiefly for Ontario now. They pay for this insurance 
program with federal-matching monies, insurance premiums levied 
on the workers and other premium payers, and, in some measure, 
by tax revenues. They have retained the fee-for-service system, 
and utilize a fee schedule for payment. 

Immediately following the introduction of this program, there was 
a marked change in hospital utilization, and within six to eight weeks 
the waiting lists to be admitted to the hospital practically disap- 
peared. This was particularly true on the medical side of the house. 
And over the last six to eight years in Ontario, Ontario’s Minister 
of Health has proposed to reduce the total number of hospital beds 
in Ontario by approximately 20%, despite the increase in popula- 
tion of somewhere between six and 10%. 

There were some other spinoffs of this plan. The certainty of fee 
collection is now at the 96% level. One little IBM card is all that’s 
required. But I think the most important thing is that the expenditure 
of funds has been shifted. There has been a reduction, in hospital 
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activities, and a marked expansion in extended care and nursing 
home services; all of the outpatient office services are now covered; 
there is a marked increase in paramedical services and physician's 
extender type services; and certainly a beginning increase in social 
services. 

One other thing has happened: NHI has removed the cost con- 
siderations from the doctors, and has put it, in some measure, into 
supervisory organizations, which have taken unto themselves the 
planning of which hospitals get the CAT'S and which hospitals do 
open heart surgery. The quantity of resources which go into these 
kinds of development are now allocated by district council rather 
than by hospital board of governors. 


Dr. WILLIAM STAHL (New York, New York): I can bring you, 
again, some information from the other large prepaid system in the 
country, that of the Health Insurance Plan of Greater New York. 
This is a system of 28 medical groups with 48 locations in Greater 
New York, and three quarters of 1,000,000 subscribers. It's a prepaid 


_ system, (slide) and the data that has been generated in the thirty 


years since Fiorello LaGuardia started this for City employees 
has been published many times. 

This is a comparative matched (age matched) group of people, 
one having Blue Cross/Blue Shield, the other having HIP, the 
Health Insurance Plan, for professional care. Both Programs use 
Blue Shield for hospital coverage. In other words, HIP is not a 
closed system like Kaiser. There is no financial connection with 
the hospitalization, nor kickbacks, whatsoever. We can see the num- 
ber of hospital days over the years, and this goes back many years 
comparing HIP with a matched group. There are about 300,000 
people in each of these groups and HIP has achieved the same sort 
of differential over the years. 

I think the questions raised here are very perzinent. I'm not 
at all sure why the system works the way it does. Here we have a 
separation of reimbursement for. professional and hospitalization 
costs. In fact, the risk to the physicians is that of the ambulatory 
service. If they spend more money there, they use up more of their 
prepaid premium; and yet, utilizing the same hospitalization in- 
surance and the same hospitals, HIP has a lower rate of Hospitaliza- 
tion. 

I think peer review is very important. There is a great activity 
throughout the system in education and peer review. 

I'd like to raise one other question, just, perhaps, to be 
provocative; and that is that, although I firmly believe, as many of 
the other speakers have stated, that we must look at our cost 
figures, that we must look at overutilization of expensive equip- 
ment, facilities, tests, hospital, et cetera, we do have an increasing 
cost due to improved technology. And from the other side of the 
coin, I see nothing inherently bad about spending money for health 
care. 

Someone has remarked that you can tell a man's commitments 
by looking at his checkbook. I think, if we look at the way we're 
spending money in this country, perhaps that is a better indication 
of national priorities. 1 think we have been pushed a little bit into 
thinking that it’s bad to spend more than x% of the GNP on health 
care. I'm not sure there is a figure that is absolute, and I think 
improvement of health care should take its proper plate with other 
commitments nationwide. 

I think we are in a state as Dr. Lewis Thomas has de- 
scribed, of halfway technology in many of these areas. This state 
is expensive, and as we learn more through basic and applied 
research, the costs may go down even as improvement in health . 
care continues. 


Dn. THOMAS TAYLOR WHITE (Seattle, Washington): I thought 
it might be interesting for a nonexpert to make a comment, on the 
basis of having had considerable experience with biliary surgery 
in three communities of about the same size, i.e., Lyon, France, 
Vancouver, British Columbia, and Seattle, Washington. 

The number of hospital days for a simple cholecvstectomy, all 
comers taken, in Seattle averages about 5.4 days, and 11.1 days in 
Vancouver, B. C., at Vancouver General Hospital, and 20 days at 
the Municipal Hospital in Lyon, France. 
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There are about three employees per bed in the major hospitals 
in Seattle, versus two in Vancouver, B. C., and less than one in 
Lyon. My Vancouver friends tell me that there is considerable 
pressure from the politicians to allow grandma to stay for a con- 
siderably longer time, which has something to do with the longer 
stay, and this is to some extent true in Lyon also. But on the 
other hand, doesn't the smaller number of personnel which are 
working in the French and Canadian hospitals reduce the costs? 

Maybe the whole thing balances off, to some degree. 


- CHAIRMAN SCHLICKE: I can only say about our own plan at home, 
to which Dr, Egdahl referred, that it's been in operation since 
before World War II, and we feel it’s run as a very efficient 
plan, with a low hospital stay and a good economic base. There is 
careful policing of the physicians who are involved. Practically all 
the physicians in the community belong to the plan, and a very sub- 
stantial number of the citizens in the town are insured under the plan. 

Careful profiles are kept on each physician, and if he's deviating 
far from the norms, either in the length of time his patients stay 
in the hospital or in the number of tests he employs, he gets back 
less. If the plan is not financially solvent to pay expenses, as 
Dick implied, the physicians don't get their full amount back. 

All fees are fixed, and they are changed periodically, of course, 
because of inflation; but there is a fixed £ee schedule for ail of us 
working on surgical procedures. As a result of this, we were ap- 
parently under severe scrutiny and under the threat of a suit by the 
Federal Trade Commission. One branch of government had studied 
that operation (it was even before Medicare legislation was intro- 
duced) because it was a prototype of this type of thing, and they 
used some of the things we were doing as their standards. 

And yet the Federal Trade Commission now are really going to 
investigate us very thoroughly, and they may change some of the 
things that we are doing. 

Secondly there is now a heavily federally subsidized HMO being 
developed and imposed upon the community. Whether this will be 


able to compete with our doctor-operated plan I don't know, but it ` 


seems sort'of wasteful to have it brought in, spending the tax- 
payers' money to subsidize it. 


i 

Dr. RicHARD H. EGDAHL (closing discussion): With respect to 
Dr. Welch's comments on fee-for-service, fee-for-service labors 
under some real and some inappropriate handicaps. One of the latter 
is that, as long as we have the indemnity plans that now exist that 
don't allow payment for ambulatory service, there is a thrust to 
hospitalization that has nothing to do with the physician's income. 
However, there are incentives to overutilizing. We probably have 
too many surgeons, and this makes it all the more important that 
the right numbers of surgeons be trained, so that, as Drs. Hughes 


. and Stubbs and others have said, surgeons will have an appropriate 


workload, without having to look around for other things to do. 


The number of hospital beds also is important. It is probably ` 


true that the fee-for-service sector is overbedded versus Kaiser, 
and we've got to come to grips with it. The question is whether 
we come to grips via planning and certificate of need, or whether 
we do it by a phased withdrawal based on utilization. The Hospital 
Associations challenge the nature of overbedding. There's a whole 
industry to defend! On the other hand, if data indicates that we 
have a problem, we should plan what we do with these extra beds. 

Dr. Welch mentioned decreasing hospitalization, and asked what 
happens to total costs? Are they sopped up in terms of extra 
ambulatory facility visits, and other non-hospital care? There is some 
evidence that this occurs, but probably to a modest extent com- 
pared to the hospitalization saved. We need studies on this subject. 
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Secondly, several people mentioned technology, and emphasized 
that there is much new technology, which is expensive. Dr. Stahl 
mentioned that the increased cost of improved technology was some- 
thing we should bear, because it's a good thing to spend money for 
health. The challenge is not improved technology. The challenge is 
whether technology should be outcomes-validated before it is paid 
for. As something comes along like the body scanner, that we all 
are intrigued with, the question is: Should it be part of the payment 
mechanism before it's been outcomes-validated, or should it be first 
of all outcomes-validated on a pilot basis, before it goes in the 
reimbursement mechanism? i 

From the standpoint of Dr. Dunlop’s decision about cost-effective- 
ness, this is a very different thing for us to come to grips with. 
Perhaps one could smoke some of this out if one only paid for 
outcomes-validated procedures, but didn’t interdict doing anything. 
If, for example, a surgeon was only paid the modified radical 
mastectomy fee, but could do whatever procedures he felt were 
indicated, this might sort out the true convictions of the appropri- 
ateness of a more radical procedure. 

Discussions are going on in many quarters about how fees can be 
manipulated to achieve a given purpose. We should instigate these 
studies ourselves and take the lead in a difficult situation. 

Dr. Hanton also mentioned quality of care. And one of the things 
that I find most challenging now in my present role, dealing ac- 
tively with nurses, allied health workers and the medical sociologists, 
is their perception that the process of care which the patient re- 
ceives and his perception of it, is as important in quality assessment 
as the mechanical perfections of the procedures carried out. 

So I think that as we attempt to define "quality of care" we 
must understand other health professionals than ourselves in terms 
of that topic. It's going to be a problem to us because there 
is a great premium put by many individuals on some of the patient 
impressions and ‘‘caring’’ functions that have not been prominent, 
in terms of patient care results presented at societies such as 
this. 

Dr. Mueller talked about the Canadian experience. It's interesting 
that the length of hospital stay for given conditions is longer for 
many clinical conditions in Canada. It may well be, as one analyzes 
that data (we're working at it now) that you move from 1500 days 
to 800 days/1000 because you are eliminating some acute beds or 


‘increasing the chronic beds into which the patient can go. 


The question that Dr. White raised about the different lengths of 
stay is an interesting one. We have been amazed at different lengths 
of stay, associated with different diseases. For example, some people 
might be admitted under an indemnity plan for a work-up for 
gallbladder disease and then may be kept in the hospital for only 
seven or eight days when surgery is performed. Another person may 
stay in for a total time of ten days, on one occasion, having 
had the work-up on an ambulatory basis; and be less expensive 
overall. It's very tricky to analyze this data. Grandma, obviously, 
would have been better off if she'd been in a hotel some of the time. 
In addition, she would have less chance of getting nosocomial in- 
fections. 

The burden is on us as surgeons to do some critical studies 
which validate the procedures we do. We've got to look on our- 
selves as part of a closed system. I don't think that, as health care ` 
costs edge towards ten per cent of the gross national product, we're 
going to be able to do whatever we want to, in terms of procedures. 
We're going to have to support outcomes-validation before adoption 
of new procedures. Many of the topics that have been raised in 
the discussions are ones that we'll be hearing about in the future at 
these meetings. 
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tinnitus, malaise, conjunctival suffusion, nasal stuffiness, headache, and skin 
sash have been reported as results of the administration of aminocaproic acid. 
Only rarely has it been necessary to discontinue or reduce medication because’ 
of one or mare of these alfects. 

Thrombophlebitis, ‘a possibility with all intravengus therapy, should be 
guarded against by strict attention to the proper insertion of the needle and the 
fixing of ils position. 

DOSAGE AND ADMINISTRATION: /ATIAL THERAPY An initial priming 


-dose ol 5 grams of AMICAR administered either erally cr intravenously followed 


by 1 to 1% gram doses at hourly intervals thereafter should achieve and sus- 
tain plasma levels of 0.130 mg./m!. of the drug. This `s the concentration ap- 
parently necessary for the inhibition of systemic hyperfibrinolysis. Administration 
of more than 30 grams in any 24-hour period is not recommended. 
INTRAVENOUS: AMICAR aminocaproic acid intravenous is administered by 
infusion, utilizing the usual compatible intravanous vehicles (e.g. Sterile Water 
for Injection, physiologic saline, 5% dextrose or Rirger's Solution], RAPID 
INJECTION OF AMICAR INTRAVENOUS UNDILUTED INTO A VEIN IS HOT 
RECOMMENDED. 

For the treatment of acute bleeding syndromes due to elevated fibrinc'ytic 
activity, it is suggested that 16 to 20 cc. (4 to 5 grams) of AMICAR intraverous 
be administered by infusion during the first hour of treatment, followed by a 
continuing infusion at the rate of 4 ce. {1.0 gram} per hour. This method of treat- 
ment would ordinarily be continued for about 8 hours or until the bleeding 
situation has been controlled. 

ORAL THERAPY: If the patient is able to take medication by mouth, an iden- 
tical dosage regimen may be followed by administer ng AMICAR Tablets or 
25% Syrup as follows: Far the treatment of acute bleeding syndromes due to 
glevatad fibrinolytic activity, it is sua ested that 10 tab ets (5 grams} or 4 ea- 
spoonfuls of syrup (5 grams) af AMICAR be administered during the first Four 
of treatment, followed by a continuing rate of 2 tablets (1 gram) or 1 teaspooaful 
of syrup in grams) ger hour. This method ol treatmant would ordinarily ba 
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3 forms 


to follow need... 





Suru 

(250 mg/ Up 
for patients who 
can't swallow solid 
medication. 












(500 mg) 
for more co 
follow-up there 


IV. 


(250 mg/ml) where ~ 
stat therapy's required 
and for unconscious or 
heavily sedated patients. 


AMICAR ^^ Coxroc ico 


LEDERLE LABORATORIES, A Division of American Cyanamid Company, Pearl River, New York 10965 


Please see adjoining page for prescribing information. 





EMPRACET* with Codeine Phosphate, 60 mg, No. 4 © 
EMPRACET* with Codeine Phosphate, 30 mg, No.3 & 
CONTRAINDICATIONS: Hypersensitivity to acetaminophen or 
codeine. 

WARNINGS: Drug dependence. Codeine can produce drug 
dependence of the morphine type and may be abused. Depen- 


dence and tolerance may develop upon repeated administration; 


prescribe and administer with same caution appropriate to oral 
narcotics. Subject to the Federal Controlled Substances Act. 
Usage in ambulatory patients. Caution patients that these prod- 
ucts may impair mental and/or physical abilities required for 
performance of potentially hazardous tasks such as driving a 
car or operating machinery. 

Interaction with other CNS depressants. Patients receiving 
other narcotic analgesics, general anesthetics, phenothiazines, 
tranquilizers, sedative-hypnotics, or other CNS depressants 
(including alcohol) may exhibit additive CNS depression; when 
used together reduce dose of one or both. 

Usage in Pregnancy. Safe use is not established. Should not be 
used in pregnant patients unless potential benefits outweigh 
possible hazards. 

PRECAUTIONS: Head injury and increased intracranial pres- 
sure. Respiratory depressant effects of narcotics and their 
capacity to elevate cerebrospinal fluid pressure may be mark- 
edly exaggerated in the presence of head injury, other intra- 


cranial lesions or a pre-existing increase in intracranial pressure. 


Narcotics produce adverse reactions which may obscure the 
clinical course of patients with head injuries. 
Acute abdominal condition. These products or other narcotics 
may obscure the diagnosis or clinical course of acute abdomi- 
nal conditions. 
Special risk patients. Administer with caution to certain patients 
such as elderly or debilitated patients and those with severe 
impairment of hepatic or renal function, hypothyroidism, 
Addison's disease, or prostatic hypertrophy or urethral stricture. 
ADVERSE REACTIONS: Most frequently include lightheaded- 
ness, dizziness, sedation, nausea, and vomiting; more promi- 
nent in ambulatory than in nonambulatory patients; some may 
be alleviated if patient lies down; others include: euphoria, dys- 
phoria, constipation and pruritus. 
DRUG INTERACTIONS: CNS depressant effect may be additive 
with that of other CNS depressants. See Warnings. 

For symptoms and treatment of overdosage and full prescrib- 
ing information, see package insert. 
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—_ Introducing 


EMPRACET 
C CODEINE “4 


Each tablet contains: codeine phosphate, 
60 mg (1 gr) (Warning—may be habit-forming); ill 
and acetaminophen, 300 mg. 


Our new non-aspirin/ 


codeine analgesic for moderate 
to severe pain. 


New peach- colored Empracet C Codeine +4 
offers a potent alternative for patients in whom 
aspirin is not indicated. 

Unlike compounds containing oxycodone 
which afford comparable analgesia, new 
Empracet c Codeine # 4 gives you CIII prescribing 
convenience—up to 5 refills in 6 months at your 
discretion (where state law permits). And, prescrib- 
ing by telephone is permissible in most states. 
Moreover, new Empracet c Codeine # 4 has less 
addiction potential than does oxycodone. 

For those of your patients requiring a less potent 
analgesic, non-aspirin Empracet? c Codeine #3 
provides effective relief of moderate pain. 


Burroughs Wellcome Co. makes codeine combination products. You make the choice. 


Burroughs Wellcome Co. 
Research Triangle Park 
North Carolina 27709 
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PULSE VOLUME RECORDER v’)* 





An Extensively Documented Clinical Procedure 
or the Quantitative Evaluation of Peripheral Vascular Disease: 
Arterial — Venous— Cerebral Vascular 


\rterial 





tal Segmental Perfusion (primary The built-in Doppler facilitates the 


isel plus collaterals) is accurately measurement of pressures along the 
cumented at the thigh-calf-ankle- arterial tree. 


'tatarsal level and digits. 


e COMBINED information of segmental PVR recordings and systolic pressure 
idient establishes a clinically accurate picture of segmental perfusion. 


'enous Cerebral 








A 15-point scale provides 
quantitative criteria for 
the identification of increased Ophthalmic artery pressure is read 
deep venous resistance. directly on the OPG Attachment of the 
PVR for the evaluation of collateral 
circulation to each eye, and its 
respective cerebral hemisphere. 
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Comparison of pressure contours 
obtained with the PVR and direct 
cannulation of the common 
femoral artery. 


EXCELLENT LONG-TERM 
REPRODUCIBILITY AND 
CALIBRATED ACCURACY BY 
QUANTITATIVE SEGMENTAL 
CUFF TECHNIQUE 


The CLINICAL PROCEDURES 
for the Evaluation of Peripheral 
Vascular Disease based on the 
Pulse Volume Recorder (PVR®) 
described here, have been qual- . 
ified for reimbursement for In- 
and Out-Patients under: 


e Various non-profit hospital 
and medical-surgical service 
plans e Medicare e Veterans 
Benefits èe Commercial Insur- 
ance Companies 


For In-Hospital 
use or Office- 
Based Practice. 


References, bibliography, and 
details on request. 
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ANTISEPTIC 
SECURITY 


against topical infections f | | 
of skin, wounds, burns | 


BETADINE® Ointment provides 
prompt, prolonged broad-spectrum 
microbicidal activity against organ- 
isms commonly encountered in skin 
and wound infections. It is not greasy 
or sticky, and is virtually nonirritating 
to skin and mucosa. It does not stain 
skin and natural fabrics, does not 
block air, and the site of application 
may be bandaged. 


BETADINE Ointment Packette 142 oz. 
and 4% oz., disposable packettes for de- 
germing small skin areas, as in hyper- 
alimentation, catheter care, umbilical 
area Care or circumcision. 


BETADINE Ointment 1 oz. tube, for 
treating common skin infections and to 
help prevent infection in abrasions, 
lacerations and burns. 


BETADINE Ointment 1 Ib. and 5 Ib. jar, for 
anti-infective treatment of the burn wound 
or infected stasis ulcers...for extensive 

skin areas...or for prolonged application. 
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pace Age Microbicidal Power 


For optimal preoperative skin degerming — BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather for prepping the operative site... kills both gram- 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts... promptly achieves full microbicidal effect with 
each usage. (In the rare instance of local irritation or sensitivity, discontinue use 
in the individual.) 


To enhance antisepsis— BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 
maintain microbicidal activity in the presence of blood, pus and serum...treated 
area may be bandaged, taped or covered by a cast. 


To help maintain postoperative antisepsis—Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
microbicides are virtually nonirritating and do not stain skin and natural fabrics. 


PHOTOGRAPH: SKYLAB IN ORBIT RTESY OF THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION. 


Purdue Frederick 
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9cdicTeroides 


may be implicated 

in a number of clinical situations, 
including... 

e Septic abortions 

e deep wounds 

e bacteremia 

e metastatic or other abscesses in association 


with thromboembolic phenomena 


Sensitivity testing is always 
recommended prior to instituting 
therapy with Chloromycetin 
(chloramphenicol). However, in 
some situations, it may be neces- 
sary to administer Chloromycetin 
before sensitivity tests have been 
completed. 


Bacteroides are the most prevalent 
microbial flora of man. They are 
anaerobic, aero-intolerant, non- 
sporeforming, nonmotile, gram- 
negative bacilli. They most often 
appear in mixed infections, and are 
highly opportunistic. Further, they 
are very difficult to culture. 


Under normal conditions, bacte- 
roides are benign. But in infectious 
situations they can be extremely 
virulent. 


Fortunately, most bacteroides 
infections are susceptible to 
Chloromycetin (chlorampheni- 
col) therapy. Yet, all too often their 
presence goes undetected. So 
today, many authorities recommend 
early—and vigorous—treatment 
with Chloromycetin when the 
clinical impression suggests that a 
Bacteroides infection is present. 
Chloromycetin must be used only 
in those serious infections for 
which less potentially dangerous 


drugs are ineffective or 
contraindicated. 


But when bacteroides are impli- 
cated, Chloromycetin (chloram- 
phenicol) therapy may well be the 
conservative course. For, in such 
situations, the benefits-to-risk ratio 
with Chloromycetinis very favorable. 


See next page for full prescribing 
information. 





Bacteroides... 


often an indication for 


CHLOROMYCETIN 


(chloramphenicol) Sodium Succinate 


PARKE-DAVIS 





Prescribing information—Chloromycetin 
(chloramphenicol) Sodium Succinate 
For intravenous administration 


WARNING 

Serious and fatal blood dyscrasias (aplastic 
anemia, hypoplastic anemia, thrombocytopenia, 
and granulocytopenia) are known to occur after 
the administration of chloramphenicol. In addi- 
tion, there have been reports of aplastic anemia 
attributed to chloramphenicol which later termi- 
nated in leukemia. Blood dyscrasias have oc- 
curred after both short-term and prolonged 
therapy with this drug. Chloramphenicol must 
not be used when less potentially dangerous 
agents will be effective, as described in the 
Indications section. It must not be used in the 
treatment of trivial infections or where it is not 
indicated, as in colds, influenza, infections of the 
throat; or as a prophylactic agent to prevent 
bacterial infections. 

Precautions: It is essential that adequate blood 
studies be made during treatment with the drug. 
While blood studies may detect early peripheral 
blood changes, such as leukopenia, reticulocyto- 
penia, or granulocytopenia, before they become 
irreversible, such studies cannot be relied on to 
detect bone marrow depression prior to develop- 
ment of aplastic anemia. To facilitate appropriate 
studies and observation during therapy, it is 
desirable that patients be hospitalized. 





IMPORTANT CONSIDERATIONS IN PRESCRIBING IN- 
JECTABLE CHLORAMPHENICOL SODIUM SUCCINATE 


CHLORAMPHENICOL SODIUM SUCCINATE IS IN- 
TENDED FOR INTRAVENOUS USE ONLY. IT HAS 
BEEN DEMONSTRATED TO BE INEFFECTIVE WHEN 
GIVEN INTRAMUSCULARLY. 


1. Chloramphenicol sodium succinate must be hydro- 
lyzed to its microbiologically active form and there is 
a lag in achieving adequate blood levels compared 
with the base given intravenously. 

2. The oral form of chloramphenicol is readily absorbed 
and adequate blood levels are achieved and main- 
tained on the recommended dosage. 

3. Patients started on intravenous chloramphenicol so- 
dium succinate should be changed to the oral form 
as soon as practicable. 

DESCRIPTION 

Chloramphenicol is an antibiotic that is clinically use- 

ful for, and should be reserved for, serious infections 

caused by organisms susceptible to its antimicrobial 
effects when less potentially hazardous therapeutic 
agents are ineffective or contraindicated. Sensitivity 
testing is essential to determine its indicated use, but 
may be performed concurrently with therapy initiated 
on clinical impression that one of the indicated condi- 
tions exists (see Indications section). 

Each gram (10 ml! of a 1096 solution) of chloram- 

phenicol sodium succinate contains approximately 52 

mg (2.25 mEq) of sodium. 


ACTIONS AND PHARMACOLOGY 


In vitro chloramphenico! exerts mainly a bacteriostatic 
effect on a wide range of gram-negative and gram- 
positive bacteria and is active in vitro against rickett- 
sias, the lymphogranuloma-psittacosis group, and Vibrio 
cholerae. |t is particularly active against Sa/monelia 
typhi and Hemophilus influenzae. The mode of action 
is through interference or inhibition of protein syn- 
thesis in intact cells and in cell-free systems. 
Chloramphenicol administered orally is absorbed 
rapidly from the intestinal tract. In controlled studies 
in adult volunteers using the recommended dosage of 
50 mg/kg/day, a dosage of 1 g every six hours for eight 
doses was given. Using the microbiological assay 
method, the average peak serum level was 11.2 mcg/ml 
one hour after the first dose. A cumulative effect gave 
a peak rise to 18.4 mcg/ml after the fifth dose of 1 g. 
Mean serum levels ranged from 8 to 14 mcg/ml over the 
48-hour period. Total urinary excretion of chloramphen- 
icol in these studies ranged from a low of 68% to a 
high of 99% over a three-day period. From 8% to 12% 
of the antibiotic excreted is in the form of free chlor- 
amphenicol; the remainder consists of microbiolog- 
ically inactive metabolites, principally the conjugate 
with glucuronic acid. Since the glucuronide is excreted 
rapidly, most chloramphenicol detected in the blood is 
in the microbiologically active free form. Despite the 
small proportion of unchanged drug excreted in the 
urine, the concentration of free chloramphenicol is 
relatively high, amounting to several hundred mcg/ml 
in patients receiving divided doses of 50 mg/kg/day. 
Small amounts cf active drug are found in bile and 
feces. Chloramphenicol diffuses rapidly, but its distri- 
bution is not uniform. Highest concentrations are found 
in liver and kidney, and lowest concentrations are found 
in brain and cerebrospinal fluid. Chloramphenicol en- 
ters cerebrospinal fluid even in the absence of menin- 
geal inflammation, appearing in concentrations about 
half of those found in the blood. Measurable levels are 
also detected in pleural and in ascitic fluids, saliva, 
milk, and in the aqueous and vitreous humors. Transport 
across the placental barrier occurs with somewhat lower 
concentration in cord blood of newborn infants than 


in maternal blood 
INDICATIONS 

In accord with the concepts in the Warning Box and 
this Indications section, chloramphenicol must be 
used only in those serious infections for which less 
potentially dangerous drugs are ineffective or con- 
traindicated. However, chloramphenicol may be 
chosen to initiate antibiotic therapy on the clinical 
impression that one of the conditions below is be- 
lieved to be present; in vitro sensitivity tests should 
be performed concurrently so that the drug may be 
discontinued as soon as possible if less potentially 
dangerous agents are indicated by such tests. The 
decision to continue use of chloramphenicol rather 
than another antibiotic when both are suggested by 


in vitro studies to be effective against a specific 
pathogen should be based upon severity of the in- 
fection, susceptibility of the pathogen to the various 
antimicrobial drugs, efficacy of the various drugs in 
the infection, and the important additional concepts 
contained in the Warning Box above. 
1. Acute infections caused by S typhi* 

It is not recommended for the routine treatment of 

the typhoid carrier state. 
2. Serious infections caused by susceptible strains in 

accordance with the concepts expressed above. 

a) Salmonella species 

b) H influenzae, specifically meningeal infections 

C) Rickettsia 

d) Lymphogranuloma-psittacosis aroup 

e)Various gram-negative bacteria causing bacte- 
romia, meningitis, or other serious gram-negative infec- 
ions 

f) Other susceptible organisms which have been 
demonstrated to be resistant to all other appropriate 
antimicrobial agents 
3. Cystic fibrosis regimens 


*in the treatment of typhoid fever, some authorities recommend 
that chloramphenicol be administered at therapeutic levels for 8 
to 10 days after the patient has become afebrile to lessen the pos- 
sibility of relapse. 


CONTRAINDICATIONS 
Chloramphenicol is contraindicated in individuals with 
a history of previous hypersensitivity and/or toxic reac- 
tion to it. It must not be used in the treatment of trivial 
intections or where it is not indicated, as in colds, in- 
fluenza, infections of the throat; or as a prophylactic 
agent to prevent bacterial intection. 


PRECAUTIONS 

1. Base line blood studies should be followed by peri- 
odic blood studies approximately every two days during 
therapy. The drug should be discontinued upon appear- 
ance of reticulocytopenia, leukopenia, thrombocytope- 
nia, anemia, or any other blood study findings attribut- 
able to chloramphenicol. However, it should be noted 
that such studies do not exclude the possible later 
appearance of the irreversible type of bone marrow 
depression. 

2. Repeated courses of the drug should be avoided 
if at all possible. Treatment should not be continued 
longer than required to produce a cure with little or no 
risk of relapse of the disease. 

3. Concurrent therapy with other drugs that may 
cause bone marrow depression should be avoided. 

4. Excessive blood levels may result from administra- 
tion of the recommended dose to patients with im- 
paired liver or kidney function, including that due to 
immature metabolic processes in the infant. The dosage 
should be adjusted accordingly or, preferably, the blood 
concentration should be determined at appropriate 
intervals. 

5. There are no studies to establish the safety of this 
drug in pregnancy. 

6. Since chloramphenicol readily crosses the pla- 
cental barrier, caution in use of the drug is particularly 
important during pregnancy at term or during labor be- 
cause of potential toxic effects on the fetus (gray syn- 
drome). 

7. Precaution should be used in therapy of premature 
and full-term infants to avoid gray syndrome toxicity. 
(See Adverse Reactions.) Serum drug levels should 
be carefully followed during therapy of the newborn 
infant. 

8. Precaution should be used in therapy during lacta- 
tion because of the possibility of toxic effects on the 
nursing infant. 

9. The use of this antibiotic, as with other antibiotics, 
may result in an overgrowth of nonsusceptible organ- 
isms, including fungi. If infections caused by nonsus- 
ceptible organisms appear during therapy, appropriate 
measures should be taken. 


ADVERSE REACTIONS 
1. Blood Dyscrasias 

The most serious adverse effect of chloramphenicol 
is bone marrow depression. Serious and fatal blood 
dyscrasias (aplastic anemia, hypoplastic anemia, throm- 
bocytopenia, and granulocytopenia) are known to occur 
after the administration of chloramphenicol. An irre- 
versible type of marrow depression leading to aplastic 
anemia with a high rate of mortality is characterized by 
the appearance weeks or months after therapy of bone 
marrow aplasia or hypoplasia. Peripherally, pancyto- 
penia is most often observed, but in a small number of 
cases only one or two of the three major cell types 
(erythrocytes, leukocytes, platelets) may be depressed. 

A reversible type of bone marrow depression, which 
is dose-related, may occur. This type of marrow depres- 
sion is characterized by vacuolization of the erythroid 
cells, reduction of reticulocytes, and leukopenia, and 
responds promptly to the withdrawal of chloramphenicol. 

An exact determination of the risk of serious and 
fatal blood dyscrasias is not possible because of lack 
of accurate information regarding (1) the size of the 
population at risk, (2) the total number of drug-asso- 
ciated dyscrasias, and (3) the total number of nondrug- 
associated dyscrasias. 

In a report to the California State Assembly by the 
California Medical Association and the State Depart- 
ment of Public Health in January 1967, the risk of fatal 
aplastic anemia was estimated at 1:24,200 to 1:40,500 
based on two dosage levels. 

There have been reports of aplastic anemia attri- 
buted to chloramphenicol which later terminated in 
leukemia. 

Paroxysmal nocturnal hemoglobinuria has also been 
reported. 

2. Gastrointestinal Reactions 

Nausea, vomiting, glossitis and stomatitis, diarrhea 
and enterocolitis may occur in low incidence. 
3. Neurotoxic Reactions 

Headache, mild depression, mental confusion, and 
delirium have been described in patients receiving 
chloramphenicol. Optic and peripheral neuritis have 
been reported, usually following long-term therapy. If 
this occurs, the drug should be promptly withdrawn. 


4. Hypersensitivity Reactions 

Fever, macular and vesicular rashes, angioedema, 
urticaria, and anaphylaxis may occur. Herxheimer reac- 
tions have occurred during therapy for typhoid fever. 
5. “Gray Syndrome" 

Toxic reactions including fatalities have occurred in 
the premature and newborn; the signs and symptoms 
associated with these reactions have been referred to 
as the gray syndrome. One case of gray syndrome 
has been reported in an infant born to a mother having 
received chloramphenicol during labor. One case has 
been reported in a 3-month-old infant. The following 
summarizes the clinical and laboratory studies that 
have been made on these patients 


a) In most cases, therapy with chloramphenicol had 
been instituted within the first 48 hours of life. 

b) Symptoms first appeared after three to four days 
of continued treatment with high doses of chloram- 
phenicol. 

c) The symptoms appeared in the following order: 
(1) abdominal distension with cr without emesis; 
(2) progressive pallid cyanosis; 

(3) vasomotor collapse, frequently accompanied 
by irregular respiration; 

(4) death within a few hours of onset of these 
symptoms. 

d) The progression of symptoms from onset to exitus 
was accelerated with higher dose schedules. 

2) Preliminary blood serum level studies revealed un- 
usually high concentrations o* chloramphenicol 
(over 90 mcg/ml after repeated doses). 

f) Termination of therapy upon early evidence of the 
associated symptomatology frequently reversed the 
process with complete recovery. 


ADMINISTRATION 


Chloramphenicol, like other potent drugs, should be 
prescribed at recommended doses known to have thera- 
peutic activity. Administration of 50 mg/kg/day in di- 
vided doses will produce blood levels of the magnitude 
to which the majority of susceptible microorganisms 
will respond. 

As soon as feasible, an oral dosage form of 
chloramphenicol should be substituted for the intra- 
venous form because adequate blood levels are 
achieved with chloramphenicol by mouth. 

The following method of administration is recom- 
mended: 

Intravenously as a 1096 (100 mg/ml) solution to be 
injected over at least a one-minute interval. This is pre- 
pared by the addition of 10 ml of an aqueous diluent 
such as water for injection or 596 dextrose injection. 


Adults DOSAGE 
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Islet Transplantation in Genetically Determined Diabetes 


CLYDE F. BARKER, M.D., LEO G. FRANGIPANE, M.D., WILLYS K. SILVERS, PH.D. 


Hyperglycemia induced in animals by beta cell toxins or by 
pancreatectomy can be reversed by pancreatic islet transplan- 
tation. Abnormal carbohydrate metabolism in juvenile onset 
human diabetics has also been corrected, albeit temporarily 
because of graft rejection, by pancreatic transplantation. It 
does not necessarily follow that naturally occurring diabetes 
in animals or adult onset diabetes in man would respond to 
similar treatment. Islet transplantation was studied in mice 
with chemically induced or genetically determined diabetes. 
Streptozotocin-induced diabetic mice were permanently cured 
by syngeneic islets and, when immunosuppressed, were ren- 
dered normoglycemic for six weeks after receiving xenogeneic 
rat islets. In contrast, histocompatible islets from normogly- 
cemic coisogenic donors were ineffective in hyperglycemic db/db 
recipients as were xenogeneic rat islets in immunosuppressed 
db/db hosts. However, when islets were isolated from db/db 
donors and transplated to genetically normal coisogenic mice, 
which had been rendered hyperglycemic with streptozotocin, 
they became normoglycemic. Apparently the metabolic defect 
in the db/db mice, which is similar in some ways to human 
maturity onset diabetes, does not reside in their islets as these 
cells can function normally if transplanted to genetically non- 
diabetic hosts. In two other types of genetic diabetes (ob/ob 
and NZO) islet transplantation was more effective. Pancreatic 
transplantation is unlikely to be the proper treatment for all 
types of diabetes even if technical and immunological prob- 
lems are overcome. 


pue OF INSULIN to prevent the complications 
of diabetes mellitus and its increasing prevalence 
(10-20% of children born today are predicted to even- 
tually develop the disease) has prompted clinical trials 
of pancreatic transplantation.’ Although the results 
have not been good, and all 51 reported recipients of a 
vascularized whole pancreas have either died or failed 
to retain it,” at least it has been shown that such an 
allograft can temporarily reverse the metabolic defect 
in insulin dependent (^ juvenile onset type’’) diabetes.!6 
However, because of the short term survival of these 
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grafts it has not been possible to judge whether they 
might be able to prevent or reverse the neurovascular 
complications associated with the disease. 

Since the transplantation of the entire pancreas has 
not met with much success, and is a risky procedure, 
seven patients have received implants of isolated islets 
of Langerhans. Unfortunately, none of these patients 
have been even temporarily relieved of the metabolic 
abnormalities of the diabetic state.?! These disappoint- 
ing results are probably due either to technical diffi- 
culties in obtaining sufficient quantities of islets for 
effective transplantation or to immune destruction of 
the dispersed islets, which appear to be more vulner- 
able to rejection than surgically vascularized whole 
organs 29 

Availability of isogenic strains has allowed avoid- 
ance of rejection of whole pancreas and isolated islet 
transplants in rats, with the finding that chemically- 
induced diabetes may be reversed for the normal life- 
time of the animal.??! Prevention and even reversal 
of diabetic vascular lesions in animals with successful 
transplants are encouraging,?? though these complica- 
tions of artificially induced hyperglycemia are probably 
not true counterparts of similar lesions of human diabe- 
tes. Further animal experimentation is likely to be help- 
ful in perfecting techniques of islet isolation and stor- 
age and, hopefully, in subverting rejection. 

Perhaps even more important, experimental islet 
transplantation in animals may help establish whether 
this is an effective procedure for relieving naturally 
occurring hyperglycemic states; it may also provide 
information on the pathophysiology of diabetes. That 
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islet replacement can permanently correct the hyper- 
glycemia induced by chemical destruction of beta cells 
in rats does not necessarily prove that genetically deter- 
_ mined diabetes would be similarly corrected as it is 
quite conceivable that whatever prevented the native 
cells from functioning normally, would also have an 
adverse effect on the transplanted tissue. 

It is possible that the primary lesion in diabetes is 
not in the islets but that these are affected secondarily 
because of basement membrane or other generalized 
changes inherent to the disease. If so, islet trans- 
plantation could not be expected to cure natural dia- 
betes permanently even though it is effective in correct- 
ing chemically induced hyperglycemia. The weight of 
opinion currently favors a primary islet lesion as the 
etiology of diabetes, with resultant abnormal carbo- 
hydrate metabolism leading eventually to other compli- 
cations, at least in the juvenile form of the disease. The 
question cannot however be considered fully answered. 

Experimental transplantation of islets may illuminate 
this issue since the technique allows observation of nor- 
mal islets in a diabetic environment (and diabetic islets 
in a normal environment). A number of genetically 
determined hyperglycemic syndromes occur in rodents 
which should facilitate such studies. Several of these 
diabetic states in animals mimic adult onset human 
diabetes. Paradoxically in these states, as in their 
human counterparts, hyperglycemia may actually be 
associated with hyperinsulinemia. Since this ‘‘insulin 
independent” form of the disease constitutes 80-90% 
of the human cases” it should be of interest to deter- 
mine the influence of islet transplantation on similar 
animal models. This report concerns our preliminary 
experience with islet transplantation in three naturally 
occurring hyperglycemic syndromes in mice. 


Materials and Methods 
Adult diabetic mice C57BL/KsJ (db/db) and obese- 


hyperglycemic C57BL/6J (ob/ob) animals, as well as : 


their lean normoglycemic littermates, db/+ and ob/+, 
respectively, were obtained from the Jackson Labora- 
tory, Bar Harbor, Maine, as were coisogenic members 
of their strains of origin (CS7BL/KsJ and C57BL/6J). 
New Zealand obese mice (NZO) originating from the 
strain described by Bielschowsky and Bielschowsky 


were obtained as a gift from Dr. T. T. Yen of Lilly Labo- : 


ratories, Indianapolis, Indiana. Normal adult Wistar- 
Furth rats were used as donors of islet and skin xeno- 
grafts. Animals were fed standard laboratory chow and 
allowed free access to food and water except as speci- 
fied in the diet restriction experiment. 
Hyperglycemia was induced in non-diabetic mice by 
intraperitoneal (i.p.) injection of 200 mg/kg body weight 
of streptozotocin, obtained through the courtesy of 
Dr. William Dulin, Upjohn Laboratories, Kalamazoo, 
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Michigan. Plasma glucose determinations were per- 
formed on morning specimens of blood obtained from 
the tip of the tail of ether-anesthetized non-fasted mice. 
The Beckman autoanalyser was used for glucose de- 
terminations. Glucose tolerance tests were done by i.p. 
injections of a 12.5% glucose solution (1 mg/g of body 
weight) in animals lightly and briefly anesthetized with 
ether. 

Pancreatic islets were isolated by a modification of 
Lacy and Kostianovsky’s method.” In ether-anesthe- 
tized mice the common bile duct was ligated at its junc- 
tion with the duodenum. The gallbladder was cannu- 
lated with a #27 polyethylene catheter through which 
5 cc of Hank's solution were injected, distending the 
bile and pancreatic ducts, thus causing pancreatic 
edema and acinar disruption which facilitated islet 
separation. The pancreas was removed by sharp dissec- 
tion and minced with scissors into 1-2 mm fragments. 
Five milligrams of collagenase were added to each cc 
of pancreatic fragments and these fragments were then 
incubated for 15-20 minutes at 37° while agitation was 
carried out with a magnetic stirrer. When islets could be 
identified under a dissecting microscope at 10x magni- 
fication the digestion was stopped by adding cold Hank’s 
solution containing aprotinin (200 units/cc). After thor- 
ough washing the digested pancreas was layered onto 
discontinuous Ficoll gradients at concentrations of 20%, 
18.7%, 17.1% and 10% and centrifuged at 2500 RPM 
for ten minutes. Islets, which were found to be concen- 
trated at the interface of the 20 and 18.7% layers, were 
removed with a pipette, washed and injected i.p. into 
anesthetized recipient mice. 400—600 islets (the yield 
from 6 donors) was the usual dose transplanted. Rat 
islets were prepared in a similar fashion, as previously 
reported,?* and 100—200 (one to two donor equivalents) 
injected i.p. into immunosuppressed mice. 

Rabbit antithymocyte serum (ATS) purchased from 
Microbiological Associates, Rockland, Maryland was 
used for immunosuppression, being administered sub- 
cutaneously by the several protocols specified in the 
individual experiments. 

Thin full thickness skin grafts obtained from the 
pinnae of the ears of donors were transplanted and 
scored by the method of Billingham and Silvers.? Me- 
dian survival times (MST) were calculated by Litch- 
field's nomographic method” for skin and islet xeno- 
grafts. 

In previously hyperglycemic mice a blood sugar of 
«200 mg% was considered an indication of success- 
ful pancreatic islet transplantation and reversal of dia- 
betes. Rejection was taken to have occurred when hy- 
perglycemia (7200 mg%) recurred. 

Microscopic sections of pancreas were stained with 
hematoxylin and eosin or Wright's modification of 
aldehyde fuchsin to demonstrate insulin granules. 
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Fics. 1A and B. (A) Mean blood glucose in eight streptozotocin dia- 
betic mice is shown to decrease into the normal range following 
transplantation of 600 isolated pancreatic islets from genetically dia- 
betic db/db mice. (B) Mean blood glucose values are shown after 
600 pancreatic islets from syngeneic normal donors were trans- 
planted to 17 streptozotocin induced diabetic mice. 


Results 
Streptozotocin-induced Diabetes 


In 25 normal mice of strains CS7BL/KsJ and C57BL/ 
6J the non-fasting plasma glucose range was 120—195 
mg% with a mean of 154 + 6.4 mg% (standard devia- 
tion (S.D.) 23.0). Plasma glucose concentrations be- 
tween 100 and 200 mg% were therefore considered 
normal. Following i.p. administration of strepto- 
zotocin (200 mg/Kg body weight) into these animals, 
hyperglycemia ensued within 24 hours. The mean glu- 
cose seven days after streptozotocin was 432 + 12.6 
mg% (S.D. 45.6). This form of diabetes was severe, be- 
ing characterized by obvious polyuria and polydypsia. 
In the absence of insulin therapy or islet transplanta- 
tion the animals lost weight rapidly and many died from 
ketacidosis, the median survival for the group being 
only 10.5 + 5.5 days. The mean weight for the group 
fell from 23.8 + 1.9 gm on the day of streptozotocin 
treatment to 15.4 + 3.2 gm on the day before death. 
Histological study of the pancreas showed extensive 
distortion of the islets and beta cell destruction. 

Response of streptozotocin-diabetic mice to syn- 


- geneic islets. Because of the early high mortality of 


streptozotocin-treated mice, islet transplantation was 
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carried out two to three days after diabetes was in- 
duced. The severity of the diabetes and the absence of 
spontaneous remission in any of the 25 untreated con- 
trol animals made it seem highly unlikely that subse- 
quent normoglycemia could occur on the basis of re- 
covery of function of the subject's own pancreatic 
islets. 

Following the initial period necessary for perfection 
of islet isolation and transplantation techniques, 24 
streptozotocin diabetic mice of strain C57BL/6J or 
CS7BL/KsJ (mean plasma glucose 398 + 10.9 mg%) 
were treated with 450—600 isologous islets injected 
i.p. Nineteen of these became normoglycemic within 
48 hours. Two of the 19 died within 30 days, the other 
17 surviving for 7150 days during which they all re- 
mained normoglycemic. The other five of the initial 
24 mice required one to three additional islet trans- 
plants but all eventually became normoglycemic. The 
incidence of normoglycemia following a single islet 
transplant was therefore 19/24 (79.6%). No animal, 
once normoglycemic, subsequently reverted to the dia- 
betic state. The mean unfasted plasma glucose in the 
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Fics. 2A and B. (A) Glucose tolerance in immunosuppressed NZO re- 
cipients of rat islet xenografts are normal while untreated NZO mice, 
though having normal random plasma glucose, have a diabetic type 
glucose tolerance curve. (B) Following treatment with normal syn- 
Beneic islets, streptozotocin diabetic mice have glucose tolerance 
responses which are as normal as those of non diabetic untreated 
mice. 
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Fic. 3. Blood glucose was 
normalized in nine ATS 
immunosuppressed strep- 
tozotocin-diabetic mice 
following rat islet xeno- 
transplantation but when 
ATS was stopped, hyper- 
glycemia returned. 





E 2 3 
Weeks After Islet Transplantation 


group which responded to a single treatment with islets 
. was 157 + 8.2 mg% after 150 days. The mean glucose 
calculations for the group at various intervals are de- 
picted in Figure 1B. 

To establish whether, in addition to maintaining un- 
' fasted morning plasma glucose levels, these islet trans- 
plant recipients could respond promptly and normally 
to a glucose challenge, glucose tolerance tests (1 mg/g 
body weight of glucose was given i.p.) were carried out 
in four of them. These proved to be normal. Figure 2B 
compares these with glucose tolerance tests in a group 
of 13 normal non-diabetic mice. 

After a mean period of 8.4 days the islet transplant 
recipients resumed normal weight gain. 

Response of streptozotocin-diabetic mice to xeno- 
geneic rat islets. It was found that streptozotocin- 
induced hyperglycemia in immunosuppressed mice 
could also be. reversed by i.p. implantation of 100—200 
xenogeneic islets isolated from one or two Wistar-Furth 
: rat pancreata. The dose of ATS proved crucial to the 
survival of these islets. If no ATS was given not even 
transient normoglycemia was seen following islet trans- 
plantation (five mice). When 0.01 cc/g body weight of 
ATS was administered subcutaneously on days —7, 
~1, 0 and subsequently once a week, the MST (normo- 
glycemic interval) of the islets was 8.9 + 3.6 days (15 
mice). If the dose was increased to 0.02 cc/g body weight 
given at the same intervals, the MST of the islets was 
increased to 15.4 + 5.5 days (14 mice). Finally if 0.02 cc 
was given on alternate days starting one week prior to 
transplantation and continuing for a month, normo- 
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glycemia persisted in all cases (nine mice) until two to 
three weeks after the last dose of ATS, at which time 
marked hyperglycemia abruptly reappeared (Fig. 3). 
During the period of normoglycemia, these mice gained 
weight normally and the glucose tolerance curves of 
three animals studied during this interval were normal. 

Although xenogeneic islet function was substantially 
extended by high dose ATS treatment, lower doses 
of ATS were more effective in promoting the survival 
of skin xenografts: Thus a small dose (0.01 cc/g on days 
—7, —1, 0 and then every seven days) in 27 mice re- 
sulted in an MST of 46.2 + 6.6 days for rat skin as 
compared to only 8.9 + 3.6 days for rat islets. These 
findings are in keeping with our previous reports that 
isolated islets are highly vulnerable to rejection as com- 
pared with other transplanted tissues.?9 


Naturally Occurring | Hyperglycemia — Diabetes" 


db/db 


. The occurrence of the mutation "'diabetes" in 
C57BL/KsJ mice was described in 1966.1? This is a sim- 
ple autosomal recessive trait and the resultant disease" 
is characterized by metabolic disturbances in some way 
resembling those of maturity onset diabetes in man.” 
Homozygotes have a tendency to obesity as early as 
three weeks of age and by four weeks mild hypergly- 
cemia is present, which becomes more severe with age. 
The serum immunoreactive insulin becomes elevated 
in young (four to five week old) db/db mice but with 
advancing age may decrease to normal levels. Pancre- 
atic islets undergo cystic degeneration and become 
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Fics. 4A-C. Coisogenic C57BL/KsJ (+/+) Islets Transplanted to 
dbidb Mice. (A) Mean plasma glucose in 12 db/db mice was not influ- 
enced by transplantation of histocompatible islets from normal do- 
nors. (B) Rat islet xenografts in 13 immunosuppressed db/db recipi- 
ents failed to lower the plasma glucose. (C) Diet restriction gradually 


resulted in normoglycemia in 11 db/db mice, but when food restric- - 


tion was lifted, the animals soon returned to the diabetic state. 


indistinctly demarcated from surrounding acinar tissue. 
Beta cells contain few insulin granules. Resistance 
to the hypoglycemic action of insulin increases with 
age and ultimately even doses up to 100 units will not 
decrease the blood sugar. 

Coisogenic normal (+/+) islets transplated to 
‘db/db mice. Twelve CS7BL/KsJ (db/db) mice, 18—22 
weeks old, each received 1000—1200 islets prepared 
from 12 normal C57BL/KsJ (+/+) mice. This islet 
dose was twice that which had been found consistently 
effective in treating streptozotocin diabetes. In none 
of these db/db recipients did even transient normo- 
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glycemia result from this treatment. The mean plasma 
glucose for the group remained at a level of greater 
than 450 mg% both before and after islet transplanta- 
tion (Fig. 4A). That failure of these coisogenic islets 
could not have an immunologic basis was demonstrated 
by the fact that 8 C57BL/KsJ (db/db) mice accepted 
C57BL/KsJ (+/+) skin grafts for >100 days. 

Islet transplantation in fasting db/db mice. En- 
forced fasting is known to alleviate the hyperglycemia 
of some diabetic syndromes in rodents, including db/db. 
Since a possible reason for the failure of the coisogenic 
+/+ islets to influence the diabetic state of db/db mice 
was that they were damaged by the pronounced hyper- 
glycemia of these hosts while becoming established, 
islet transplantation was also carried out during a 
period of decreased food intake. Eleven db/db mice 
were restricted to one gram per day of standard food 
pellets (about the normal intake for non-diabetic mice). 
These mice lost weight progressively at a rate of one 
to three grams per week and between 18 and 60 days 
(mean 37.2 days) became normoglycemic. However, all 
relapsed into the hyperglycemic state again within ten 
days of returning to an unrestricted diet (Fig. 4C). Two 
of these mice received three treatments with 600 coiso- 
genic (+/+) islets during the period of food restriction 
with two of these treatments in each mouse being made 
during a 30 day normoglycemic interval prior to liberal- 
izing the diet. In both of these fasting islet recipients 
hyperglycemia recurred within 10 days of resuming un- 
restricted food intake. 

Rat islets transplanted to db/db mice. The possibil- 
ity was considered that the hyperglycemic state in db/db 
mice might persist despite normal or elevated circu- 
lating insulin because the islets of C57BL/KsJ mice 
(whether +/+ or db/db) produce an insulin, such as the 
abnormal insulin described by Roy,”’ which is biologi- 
cally ineffective in these animals. If this were the case 
insulin from islets of a different genetic origin might be 
effective. Since it had been shown that rat islets tempo-. 
rarily survive and function effectively in immunosup- 
pressed mice with streptozotocin diabetes (see above) 
the following experiment was initiated. Thirteen db/db 
mice 22—24 weeks old (mean plasma glucose 465 mg%) © 
were treated with 100-300 islets isolated from Wistar- 
Furth rats (one to three donor equivalents). Six of these 
animals received 0.02 cc/g body weight of ATS on days 
—7, —1, 0 and weekly thereafter, a dose previously 
found to allow a median normoglycemic interval of 16.4 
days if transplanted to mice with streptozotocin in- 
duced diabetes. In none of the db/db mice was islet 
transplantation followed by a significant decrease in 
plasma glucose during a three week observation period 
(Fig. 4B). : 

Hepatocyte transplantation in db/db mice. Since 
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there is evidence in some hyperglycemic states in ro- 
dents that the insulin receptor concentration is de- 


creased on liver cell membranes,” the possibility was - 


investigated that transplantation of hepatic cells from 
normal mice to db/db animals might alleviate the dia- 
betic syndrome. In ten db/db mice single cell suspen- 
sions of liver cells from one to two non-diabetic coiso- 
genic donors were injected i.p. Hyperglycemia con- 
tinued unabated in these mice. 

Islets derived from db/db mice transplanted to +/+ 
streptozotocin diabetics. Because of the hypergly- 
cemia of db/db mice persisted despite the presence of 
normally functioning (transplanted) islets, it seemed 
possible that the islets of db/db mice, despite their 
highly abnormal morphology in situ, might also func- 
tion normally. To test this possibility 12 normal C57BL/ 
KsJ (+/+) mice were rendered diabetic with Strep- 
tozotocin (mean plasma glucose 422 + 31.4 mg%). 
They were then treated with 600 islets derived from 
coisogenic db/db donors. Eight promptly became 
normoglycemic (glucose 145 + 11.6 mg% in two days) 
and have remained so during an observation period of 
11 months (Fig. 1A). These animals have maintained 
normal weight gain and general good health during this 
interval. 


Experiments in Obese”, Hyperglycemic (oblob) Mice 


This syndrome, which occurred as a mutation and 
was first described in 1950, may be divided into three 
phases.!! Phase 1 features rapid weight gain, increasing 
insulin secretion and decreasing glucose tolerance. In 
phase 2 serum insulin reaches an extremely high (5—20 
x normal) peak, then begins to fall and very poor glu- 
cose tolerance is followed by improvement. In the third 
and final phase serum insulin and body weight decrease 
toward normal. Morphologically, islet tissue is abnor- 
mally abundant, being increased in volume 8— 10 fold as 


compared with normal, on the basis of hypertrophy and - 


hyperplasia which involve mainly the beta cells. 

Transplantation of islets from normal (+/+) mice 
to coisogenic obese hyperglycemic (ob/ob) mice. Eight 
C57BL/6 (ob/ob) mice 10—13 weeks of age (with a mean 
plasma glucose of 313 + 22 mg%) were each inoculated 
i.p. with 600 islets'from normal coisogenic CS7BL/6] 
(+/+) mice. Initially the plasma glucose was decreased 
(126 + 4 mg% at two days, and 169 + 18 mg% at one 
week) and body weight was stable if not significantly 
decreased. However, by two weeks after transplanta- 
tion plasma glucose was rising (198 + 21 mg%) and by 
four weeks frank hyperglycemia (7300 mg%) had re- 
curred (Fig. 5) and progressive weight gain again 
ensued. 

Transplantation of xenogeneic rat islets to oblob 
mice. Sixteen ob/ob mice were immunosuppressed 
with 0.02 mg/g ATS given every other day starting 
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Fic. 5. Normal coisogenic (+/+) Islets Transplanted to ob/ob Mice. 
Transplantation of 600 islets from normal coisogenic donors was 


followed by transient normoglycemia in eight ob/ob genetically - 


obese-hyperglycemic mice. 


seven days prior to islet transplantation. Two hundred 
isolated rat islets were administered i.p. The results 
were highly variable and seemed related to the age of 
the recipients. Of eight relatively young mice (12-16 
weeks) weighing 46—54 g at the time of treatment only 
two became less hyperglycemic and these only tran- 
siently. The mean glucose for the group never changed 
significantly, though it was slightly less during the first 
two weeks than it had been pre-transplant. Of the 8 
older mice (>30 weeks) which weighed 52—66 g, four 
actually became normoglycemic for at least two weeks 
post transplant. Excluding from consideration two 
mice in which ATS was discontinued early because of 
apparent islet transplant failure, the mean plasma glu- 


n 


cose of the 6 which seemed to respond to transplanta- ™ 


tion was 320 + 19.3 mg% pretransplant and 181 + 22.3 
mg%, 159 + 9.4 mg%, 183 + 22.6 mg% and 195 + 18.8 
mg% at one, two, three, and four weeks respectively 
after islet transplantation. While these post transplant 
plasma glucoses were significantly lower than the pre- 
transplant values in these selected cases, the biclogical 
significance of the finding is questionable. : 

It appears that the older ob/ob mice, perhaps ap- 
proaching the final phase of a syndrome which is char- 
acterized in the later stages by an improving glucose 
tolerance, may have been helped by the islet transplant. 
Indeed four of the eight old ob/ob mice had normal glu- 
cose tolerance curves after islet transplantation. The 
younger mice, of an age known to be characterized by 
extreme insulin resistance, appeared not to be influ- 
enced by islet transplantation. 

Hepatocytic transplantation in ob/ob mice. Intra- 
peritoneal transplantation of one to three donor equiva- 
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lents of hepatocytes from normal coisogenic (+/+) 
mice to eight ob/ob recipients did not result in a signifi- 
cant change in the post transplant plasma glucose from 
the pretransplant level of 272 + 20.4 mg%. 


Experiments in New Zealand Obese Mice (NZO) 


The New Zealand obese (NZO) mouse was the result 
of selective breeding.!! Obesity appears at two weeks 
of age but is not as striking as in the db/db or ob/ob 


mutants. NZO mice have hyperinsulinemia but only . 


mild if any elevation of random unfasted blood glucose. 
.Intolerance to a glucose load and insulin resistance 
.are characteristics which become progressively more 
pronounced with advancing age (unlike the situation in 
oblob mice in which there is improvement with age).? 
Transplantation of rat islets into NZO mice. Twelve 
New Zealand obese mice were observed on normal 
diets without any treatment for a period of two to 12 
months during which time their weight increased pro- 
gressively at a rate of .77 g/week. Plasma glucose which 
was determined at monthly intervals remained in the 
normal range (147 + 10.4 mg% at two months of age, 
138 + 13.1 mg% at eight months of age). Four untreated 
mice between nine and 11 months of age were subjected 
to one or several glucose tolerance tests (nine tests in 
all) which proved to be strikingly abnormal in all cases. 
Seven ATS immunosuppressed (0.02 mg/g three 
times weekly) mice received 200 Wistar-Furth rat islets 
when 8—12 months old. Their mean plasma glucose 
decreased from 138 + 13.1 mg% to 97.7 12.1 mg% 
over the next three weeks, but no biological relevance 
could be attributed to this statistically significant differ- 
ence, since both values were considered in the normal 
range. Ten glucose tolerance tests in four of the islet 
recipients, performed during the 30 day period of ATS 


‘administration, were normal as compared with the 


diabetic type responses seen in the untreated NZO 
mice (Fig. 2A). 


Discussion 


The experiments reported here are, to our knowl- 
edge, the first in which pancreatic islets have been 
transplanted to genetically diabetic animals using tech- 
niques and dosage schedules established as effective in 
reversing chemically induced diabetes. The finding that 
streptozotocin diabetes in mice responds to treatment 
with islets was expected on the basis of numerous re- 
ports of success with this technique in rats!-1928 and of 
the experience of Panijayanond and Monaco? in mice. 

That the diabetes of C57BL/KsJ (db/db) mice was 
completely resistant to treatment with normal islets 
from coisogenic donors was not surprising. Since db/db 
mice are already hyperinsulinemic one would not ex- 
pect that augmenting their capacity to produce insulin 
would be helpful, unless the insulin of the transplanted 
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islets was different structurally or biologically from 
the ‘‘native’’ hormone, and neither of these possibili- 


‘ties seemed likely. . 
The finding that transplanted db/db islets were capa- _ 


ble of restoring normoglycemia and normal glucose 
tolerance to streptozotocin diabetics is of consider- 
able interest and indicates that in a genetically normal, 
though chemically diabetic, environment these islets 
are capable of responding to hyperglycemia by secret- 
ing the proper amounts of insulin to correct it. This 
might not have been predicted on the basis of the abnor- 
mal morphology of these islets!? nor from Boquist's 
observation that their capacity to secrete insulin in 
vitro is less than those of normal mice.* However, the 
finding is not hard to reconcile with Wyse and Dulin's 
concept that diabetes in db/db mice stems from continu- 
ous overproduction of glucose which eventually ex- 
hausts the islets.?? It is also compatible with Coleman 
and Hummel's evidence for a hypothalamic lesion 
which leads to hyperphagia and thence to hyper- 
glycemia.® 

The greater success in treating ob/ob and NZO mice 
with islet transplants is most likely due to the fact that 
the etiology of the disease in these mice is different 
than in db/db animals, though a contributing factor 
could be that the disease is not as severe in these 
strains.!5 In this regard, it would be interesting to ex- 
plore the response of ob/ob mice on a C57BL/Ks]J back- 
ground to islet transplant treatment since it is known 
that on this background the ob/ob disease is more severe 
than on C57BL/6J.$ 

The inconsistency of performance of islets from mice 
or rats implanted in ob/ob mice is difficult to interpret. 
In youngob/ob mice which are in a stage of their disease 
characterized by marked hyperinsulinemia and insulin 
resistance,? there appeared to be either transient or 
no improvement in blood sugar or glucose tolerance 
following islet transplantation. Older mice often re- 
sponded normally to a glucose load after treatment with 
islets, but these animals were in a phase of the disease 
in which normalization of glucose tolerance might soon 
be expected to occur spontaneously. The report of 
Strautz et al.?? that relatively small numbers (200-250) 
of mouse islets led consistently to normalization of 
blood sugar and decreased obesity when implanted i.p. 
in millipore chambers in young ob/ob mice is difficult 
to reconcile with our failure to affect these animals. 
This is especially the case since we employed much 
larger numbers of islets (600) and they were implanted 
via a technique known to be effective for treating 
chemically induced diabetes. Also of pertinence is the 
concensus that fewer than 400 islets seldom, if ever, 
improve the diabetic state of Streptozotocin induced 
diabetes in the rat. 121831 

The improvement of glucose tolerance in immuno- 
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suppressed NZO mice treated with rat islets cannot 
be explained on the basis of spontaneous improvement 
in older animals, since glucose tolerance is known to 
become progressively worse with age in this syn- 
drome.? On the other hand, it is difficult to attribute 
this improvement to the increased capacity of NZO 
mice to produce insulin since these mice are hyper- 
insulinemic throughout their life span. Two possible 
explanations are suggested: 1) since NZO mice ordi- 
narily respond to a glucose load by secreting adequate 
amounts of insulin, but in a significantly delayed man- 
ner, transplanted islets might improve the hosts’ glu- 
cose tolerance by increasing their ability to respond 
promptly to a glucose challenge; 2) a ‘‘factor’’ other 
than insulin could be present in islet tissue which allows 
the NZO mouse to respond appropriately (via either 
his own or transplanted islets) to glucose. This possi- 
bility is in accord with reports by Gates et al.,? and by 
Baxter and Lazarus,” that when syngeneic or allogenic 
islets, in numbers which would hardly be expected to 
be beneficial merely in terms of their insulin producing 
potential, are placed in millipore chambers and trans- 
planted to NZO mice, there is a normalization of their 
glucose tolerance. Indeed, at least several times the 
amount of islet tissue as enclosed in these chambers 
are required to reverse chemically induced diabetic 
states in rats,3! dogs,?? monkeys,” and man.?! 

If a non-insulin islet-derived factor such as the pan- 
creatic polypeptide described by Larsson’ were found 
beneficial in spontaneous obese-hyperglycemic states 
in rodents this would raise the interesting possibility 
that human diabetics with a maturity onset type of the 
disease might also be helped by islet transplants. Eighty 
to 90% of diabetics are of this type in which insulin 
(though often prescribed) may sometimes not be neces- 
sary or beneficial.” Experiments carried out by Gates 
et al.,® Strautz et al.?? and now ourselves could be in- 
terpreted as evidence for the existence of a factor in 
normal mouse islets which decreases insulin resistance 
in certain murine syndromes which resemble maturity 
onset human diabetes. This possibility merits further 
experimental consideration. On the other hand, evi- 
dence has been presented herein that in at least one 
type of naturally occurring diabetes (db/db), islet trans- 
plantation is of no benefit. In fact the islets of these 
diabetic mice are perfectly capable of normal function 
when transplanted to genetically non-diabetic animals. 
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DISCUSSION 


Dr. KEITH REEMTSMA (New York, New York) The report 
that we have heard today by Dr. Barker is a contribution of major 
importance. He has defined with great precision the importance of 
genetic factors in these strains, and by implication he has suggested 
the importance of these factors in patients. As he emphasized, 
the condition here may be analogous to patients with maturity- 
onset diabetes. 

By contrast, the patients with juvenile diabetes probably have a 
different genetic pattern, and studies in our laboratories by Drs. 
Suciu-Foca and Rubinstein have suggested that there is a strong 
association between the HL-A system and juvenile diabetes. 

I believe the point of most importance here is that, although in 
the past investigators involved in this work have concentrated on the 
islet cell and its function, this study should stimulate interest in 
defining the various subgroups of patients with diabetes. 


DR. WALTER F. BALLINGER (St. Louis, Missouri): Dr. Barker 
has presented an excellent study of transplantation in an experi- 
mental model of genetic diabetes. His work confirms that the defect 
leading to diabetes does not reside in the islets of these particular 
mice. Therefore, islet transplantation will not be effective in such an 
instance. 

Dr. Barker has suggested in this elegant work that islet transplanta- 
tion may also not be effective in human adult-onset diabetes. 
However, the experimental diabetes model he used may not be 
analogous to man, and I think he'd be the first to pursue this. 

First of all, out of four different major strains of hyperglycemic, 
or diabetic, mice available, Dr. Barker, of course, in his abstract 
referred only to the db/db strain, but has since expanded on that. 
But I would like to know which of the two db/db strains he used, 
because they are quite different. One is similar to a very mild 
adult-onset diabetes, but is also an obese mouse. It is hyperglycemic 
and hyperinsulinemic all its life. Obesity seems to stabilize around 
18-20 months. Isolated islets from this strain have been shown to 
have normal insulin release, and undergo hypertrophy with age. 1 
imagine that this was the strain that Dr. Barker used, and, obviously, 
islet transplantation would not be of benefit. 

The other db/db strain displays a very different type of diabetic 
pattern. It has an early hyperglycemia and hyperinsulinemia, but 
at four months of age the elevation of insulin begins to disappear, 
the animals lose weight, and die at about ten months uniformly. 
Islets isolated from this strain after six months do not release insulin. 
Histologically, they develop degenerative changes and atrophy. 
Thus, I doubt that Dr. Barker used this particular db/db strain for 
these studies, since these animals would benefit from islet trans- 
plantation. 

These two strains are congenic animals, and onlv differ by one 
allele in chromosome four, but expression of this tiny difference is 
Obviously quite striking. 

The other fascinating thing about these strains is that insulin 
injection does not alter the hyperglycemia, nor the development of 
obesity. Dr. Barker's transplant studies confirm this finding in a 
different way. 

Liver cell membrane study shows that only one third of normal 
insulin binding takes place on these hepatic cells, as compared with 
normal mice. The hyperglycemia seems to come from increased 
gluconeogenesis, since the increased gluconeogenic enzymes in the 
liver are not inhibited by increased serum insulin, as expected. 
The inheritance in these mice also differs from human adult-onset 
diabetes by being purely autosomally recessive. 
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Implantation of Pancreatic Islets in Millipore Filter Capsules. 
Diabetologia, 6:306, 1970. 
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Dr. Barker, then, has nicely shown that one strain of db/db 
mice is not a suitable candidate for islet transplantation, but I 
must again emphasize the difficulty in extrapolating from this very 
interesting work to the human situation. Because of the difference 
between this strain of mice and human diabetics, and because 
we have known for a long time that insulin injections do work in 
adult-onset diabetes, I continue to believe that these patients may 
remain excellent candidates for transplantation in the future, after 
certain problems, obvious to all of us, have been worked out in a 
variety of experimental models. 


DR. MARSHALL J. OnLorr (San Diego, California): As is true of 
every bit of the work of Dr. Barker and his group, this piece of work 
has been extremely well done, and it is very interesting, and it 
contributes to our knowledge of diabetes and its treatment. But I 
do think that this model which has been used is, perhaps, less 
suitable than the other models which have been studied. 

It's, of course, very attractive to study a natural model of 
diabetes. One's intuition says that that's more appropriate than 
studying a contrived, artificially induced form of diabetes, such as 
is produced by streptozotocin or by alloxan. But it is the juvenile 
diabetic who presents the problem of early mortality and severe 
early morbidity, and I do believe that this model of diabetes is 
particularly unlike the juvenile-onset diabetes that we encounter 
clinically and. in fact, is less close to human diabetes that is 
clinically meaningful than is the chemically induced form of the 
disease. 

The closest model of naturally occurring diabetes that we know of 
is one that we're studying, involving the Chinese hamster, which 
does seem to be very similar to the clinical form of the disease; 
but our studies are not sufficiently far along to draw any con- 
clusions about it. 

That's point number 1. The second point is to say, as I think 
Walt Ballinger said in different words, that I'm really not discouraged 
by the clinical experience with forty-two whole organ pancreas 
transplants and seven islet transplants that have failed. It's much 
like the early experience with heart transplantation. These trans- 
plants have been done under a variety of circumstances, by many 
different groups. No group has really accumulated concentrated, 
prolonged experience with transplantation in the treatment of 
diabetes; and I'm absolutely convinced that the problems are 
largely technical, and are solvable. 

But the crux of this whole problem of transplantation in diabetes 
is not the control of hyperglycemia, is not the control of the metabolic 
abnormalities in this disease. It's the control of the pathologic 
lesions that result in the severe morbidity and mortality associated 
with diabetes. For transplantation to be applicable to humans with 
diabetes, it must reverse or at least stabilize the nephropathy, the 
retinopathy, the neuropathy, the widespread angiopathy, that occurs 
in this disease. There is some encouraging preliminary work from 
our laboratory, from a number of laboratories; Ballinger’s, Najarian's 
group, that suggests that, indeed, this may occur. But I must 
emphasize that it is preliminary, and that much more has to be done 
to prove that the pathologic lesions are reversible or can be stabilized, 
before we can really seriously consider using pancreas transplanta- 
tion for the treatment of human disease. 


Dr. CLYDE F. BARKER (Closing discussion): I detect a slight note 
of disappointment with the model of the diabetes, and I apologize 
for this. I don't suppose there is any satisfactory model for human 
diabetes in animals. 
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Our interest in these particular mice was based not on the hope 
that we would fail in correcting their diabetes, of course, but in the 
hope that we would substantiate certain earlier reports which 
predate, actually, the current interest in isolated islet transplantation, 
in which it was suggested that the transplantation of very smal! doses 
of islets, isolated from the host in millipore chambers, would reverse 
the diabetic state in both the ob/ob mice and the New Zealand 
obese mice. We didn’t quite believe that that was true, but we 
were hoping that it might be, when we transplanted much larger 
doses of islets in histocompatible situations. We found that this was 
not the case, and this was a disappointment. 

The rationale that was given by those earlier workers was that 
there was a nonbeta cell, a noninsulin islet component, which would 
somehow reverse the diabetic state in those particular genetic 
models of diabetes, without actually changing their capacity to 
secrete insulin. 

With regard to Dr. Ballinger’s comments, it is true that there are 
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two types of db/db diabetes in the mouse, and also two types of 
ob/ob diabetes; and apparently the determining factor is the back- 
ground of the inbred strain upon which these are superimposed. 
Actually, we used the more severe form of the disease, but we used 
it at an earlier stage, when these animals were hyperinsulinemic. 
But these were db/db animals on the C-57 black KSJ background. 

We'd like to try the other background with both the ob and the 
db strains. 

One other comment that Dr. Ballinger made was that there is 
something peculiar about the liver and insulin receptors on liver 
cells, and the full manuscript will show that we have also tried 
hepatocyte transplantation in these different strains of mice, without 
influencing their diabetic state. 

It certainly is true that the models are closer to the maturity- 
onset diabetes than the juvenile form of the disease, and no one 
will be happier than our group to see that this form of therapy 
works in man. . 


Correlation of Cerebral Blood Flow with Outcome 


in Head Injured Patients 


THOMAS W. LANGFITT, M.D., WALTER D. OBRIST, PH.D, THOMAS A. GENNARELLI, M.D., MICHAEL J. O'CONNOR, 


In order to determine the relationship of cerebral blood 
flow (CBF) to the clinical outcome of head injury, serial 
determinations of CBF were performed by the intravenous 
Xenon technique in 24 patients. The patients were of mixed 
injury severity and were classified into four groups depend- 
ing on the neurological exam at the time of each CBF study. 
All eight patients who were lethargic on admission demon- 
strated increases in their minimally depressed CBF as they 
improved to normal status. Eleven patients in deep stupor 
or coma ultimately recovered. Ten of these patients initially 
had moderate to profound decreases in CBF which improved 
as recovery occurred. The single exception was an adolescent 
whose initial CBF was high but became normal at recovery. 
Five comatose patients died. In four of these, already depressed 
CBF fell even lower, while one adolescent with initially in- 
creased CBF developed very low CBF preterminally. The data 
presented in this report demonstrated a good correlation be- 
tween CBF and clinical outcome. In every one of the adult 
. survivors, depressed CBF increased as the patient recovered 
to normal status. All adults who died showed a deterioration- 
of CBF as the neurological status worsened. The only excep- 
tions were two adolescents who initially showed high CBF 
values. In the adolescent who died, CBF dropped to low levels 
while in the survivor a normal CBF was achieved. Thus in 
adults a traumatic brain injury was associated with depressed 
CBF which increased with recovery or decreased further 
with deterioration while the reaction to injury was quite dif- 
ferent in the younger brain. 


O NE OF THE PRINCIPAL REASONS for measuring 
cerebral blood flow (CBF) in head injured pa- 
tients is to determine if a correlation exists between 
the level of CBF and brain function and between CBF 
at the time of admission and the clinical outcome. 
The study described in this report is based on 24 
patients with varying degrees of head injury in whom 
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multiple regional cerebral blood flow (rCBF) studies 
were performed from shortly following the head injury 
to recovery or death. In the adult head injured pa- 
tients CBF was nearly always below normal in the 
initial study, then increased toward normal in patients - 
who recovered and decreased toward cerebral circula- 
tory arrest in patients who subsequently died. Of par- 
ticular interest were two adolescents who were 
unconscious at the time the first CBF study was 
performed but had a marked elevation of CBF in 
spite of their coma. 


Materials and Methods . 


The population for the study consisted of 24 pa- 
tents ranging in age from 14 to 76 years. At the 
time of admission to the hospital each patient was 
classified into one of four grades based upon the initial 
neurological examination. Using the Glasgow Coma 
Scale," Grade 1 equals 14; Grade 2, 12-13; Grade 3, 
eight to 11; and Grade 4 seven or less points. 
Stated in approximate terms, the Grade 1 patient is 
alert and oriented, the Grade 2 patient is lethargic 
but responds appropriately when aroused, the Grade 3 
patient is difficult to arouse and disoriented, and the 
Grade 4 patient is comatose with inappropriate motor 
responses to painful stimulation or no response at all. 

Following admission to the Emergency Ward and the 
initial neurological examination, arterial blood gases 
were measured in all patients classified Grade 3 or 
Grade 4. Endotracheal intubation was performed in 
all Grade 4 patients and in Grade 3 patients in whom 
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Fic. 1. Fast compartment blood flow (F,) in ml/100 gm/min on the 
initial test (Coma Grade 2) and on the final test (Coma Grade 1) 
in patients who recovered. Average rCBF from 16 regional detectors 
is shown. The "normal" rCBF value has been corrected to a Paco, of 
33.4 mm Hg, the mean for all patients in the study. 


there was concern about their respiratory status or in 
whom sedation or anesthesia was necessary to perform 
computerized axial tomography (CT scan). Appropri- 
ate diagnostic and therapeutic procedures were carried 
out in patients with multiple injuries. Intracranial pres- 
sure was recorded continuously with an intraventricu- 
lar cannula er subarachnoid bolt in 11 patients. 

‘rCBF was recorded from the clearance curves of 
133X enon using 16 scintillation detectors mounted in 
individual lead collimator tubes arranged as a crown 
about the patient’s head. Eight detectors were arrayed 
over each hemisphere. The Xenon was administered 
by intravenous injection of a bolus of 5 Xenon in saline. 
The method has been described by Obrist and col- 
leagues’* and by Austin and colleagues.! 

Since changes in arterial Pco, (Paco) have a pro- 
found effect on CBF, the blood flows were adjusted 
for differences in Paco, among studies in the same 
patient. In order to minimize the adjustment, we 
chose to correct the blood flows to the median 
Paco, value for all studies in each patient, rather 
than to some arbitrary normocarbic value. Fortunately 
for our purposes, Paco, differences between patients did 
not vary greatly, since most of them showed mild 
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spontaneous hyperventilation in the acute stage of their 
illness as well as in follow up studies when they 
tended to be anxious about the test. ; 

In normal subjects the clearance curve of ° Xenon 
from the brain is biexponential consisting of a fast 
compartment which represents the clearance of the iso- 
tope from gray matter and a much slower compartment 
which represents white matter flow. The latter also 
includes a small extracerebral component. The volume 
of blood flow through gray matter is approximately 
four times the blood flow through white matter. By 
convention CBF is expressed as milliliters of blood 
flow per 100 g of brain per minute (ml/100g/min). We 
compute a number of flow parameters from each 
clearance curve but have concentrated our attention on 
gray matter flow (F,) and on mean flow (MF), which 
is the average blood flow for all of the tissue seen by 
a detector (gray, white and extracerebral). At normo- 
carbia in normal subjects, the present method 
yields a mean value for F, of approximately 80 ml/ 
100g/min, and for MF of approximately 40 ml/100g/ 
min. In the illustrations that follow only F, values are 
presented, because in every patient MF paralleled 
changes in F,. The normal value for F, given in the 
illustrations has been corrected to the average median 
Paco, Value for all patients, which was 33.4 mm Hg. 


Results 


Eight patients were Grade 2 on admission, and all 
of them recovered to Grade 1 (Fig. 1). In each pa- 
tient CBF increased between the initial study which 
was performed following admission and the final study 
which was performed when the patient had achieved 
Grade 1. The increase in CBF, albeit a slight in- 
crease in five of the eight patients, occurred even when 


CBF was normal or slightly elevated at the time of .4 


the initial study. In the two patients in whom the 
increase in CBF was steepest, the final value was 
above normal. 

Sixteen patients were classified Grade 3 or Grade 4 
on admission and either recovered to Grade 1 or died. 
Figure 2 illustrates the initial and final CBF values in 
the 11 patients who recovered. Ten of these patients 
had a depressed CBF, and in several of the patients 
CBF was half normal or less. In each of the ten cases 
CBF rose toward normal with clinical improvement, 
although as in Figure 1, the final CBF values varied 
greatly even though all of the patients were declared 
to be Grade 1 at that time. 

Figure 3 illustrates the CBF data in the five patients 
who died. In four of the five patients CBF was markedly 
reduced on the first examination, and then declined 
to even lower values in the final study made prior to 
death. In one of the patients CBF was virtually un- 
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recordable at a value of 10 ml/100g/min six hours before 
death. 

The patients in Figures 2 and 3 labeled ''S"' and “P” 
are of special interest. They were adolescents 14 and 15 
years old, respectively, and were the only patients 
under the age of 19 in this series. Patient ''S" made a 
complete recovery, and as he did, CBF fell from a 
value of 100 mi/100g/min to normal. Patient ‘‘P’’ also 
had cerebral hyperemia on admission despite profound 
coma, and as she deteriorated to clinical brain death, 
CBF fell from a value of 90 to 10 ml/100g/min. Both pa- 
tients had severe brain swelling on CT scan, and we 
postulate that diffuse brain swelling in children follow- 
ing head injury, which has long been described as 
**malignant edema", in fact is due to severe cerebro- 
vascular congestion, not edema? 


Discussion 


In recent years the method that has been used 
most commonly to study the cerebral circulation in 
head injured patients is the *Xenon intracarotid injec- 
tion technique in which the isotope is injected through 
a catheter inserted into the internal carotid artery 
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Fic. 2. Fast compartment blood flow (F,) in ml/100 gm/min on 
the initial test (Coma Grade 3 or 4) and on the final test (Coma 
Grade 1) in patients who recovered. Case S is an adolescent who 
presented with diffuse brain swelling (CT scan) and hyperemia. 
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tests in patients who remained 50 
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under fluoroscopic control. Several rCBF studies may 
then be performed over a period of hours under dif- 
ferent conditions such as changing Paco, or systemic 
arterial pressure to test cerebrovascular reactivity. 
Probably it is unsafe to leave the catheter in the artery 
for more than a few hours, and because repeat 
catheterization of the internal carotid artery also car- 
ries some risk, most investigators have been reluctant 
to repeat the rCBF studies at another time unless 
carotid angiography was indicated for diagnostic 
purposes. Soon after we began to do CT scans in head 
injured patients, it became apparent that cerebral 
angiography was no longer needed in the large majority 
of patients. It was clear then that we would be justified 
in performing rCBF studies using the intracarotid 
technique only in the rare patient in whom the CT 
scan provided incomplete information on the nature of 
the injury. Therefore, further studies of the brain 
circulation in head injury were dependent on the ap- 
plication of a noninvasive method of introducing the 
133X enon into the general circulation or on the develop- 
ment of an altogether different method for measuring 
rCBF. 

- A discussion of the principles and the limitations of 
the noninvasive inhalation and intravenous methods for 
measuring rCBF is beyond the scope of this report. It 
is enough to say that we are confident of the ac- 
curacy of the method except in patients with severe 
pulmonary pathology, where the use of expired air to 
correct for isotope recirculation may lead to inaccurate 
results. The method is safe; radiation exposure to the 
lungs is approximately the same as obtained from a 
routine chest x-ray. 

The intracarotid “Xenon method has provided 
much useful information in head injured patients on 
the relationships between CBF and cerebral perfusion 
pressure, which is defined as the difference between 
the mean arterial and intracranial pressures; the 


414 


responsivity of cerebral vessels to changes in Paco, 
and the status of cerebral autoregulation following 
head injury; the relationships between brain edema and 
CBF, between CBF and the acid-base balance of the 
cerebrospinal fluid and a number of other aspects of 
intracranial dynamics.?~*-9-!° Several types of informa- 
tion are missing, mainly because of the limitations of 
performing serial studies over a long period of time. 
Information of particular interest in the management of 
head injured patients includes: the relationship be- 
tween CBF and brain function assessed by the neuro- 

‘logical examination; CBF values on admission as 
predictors of clinical outcome; and the responses of 
CBF to therapeutic agents (e.g. steroids, hyperventila- 
tion, hypertonic mannitol) as a guide to the selection 
of specific therapies. 

The data presented in this report demonstrated a 
good correlation between CBF and clinical outcome. 
In every one of the 18 adult patients who were Grades 
2 to 4 on admission and recovered, CBF increased as 
the patient recovered to Grade 1. It is not clear why 
the final values varied so much among these patients 
all of whom were alert and well oriented at the time of 
the last rCBF study. Perhaps the clinical designation is 
not fine enough to detect significant differences in 
performance among the patients. Currently we are en- 
gaged in a psychosocial evaluation of the patients in 
search of evidence of residual brain damage which 
might explain the large differences in the final CBF 
values. 

In contrast to the increase in CBF that occurred in 
the aduit patients as neurological status improved, all 
of the patients who were in coma at the time of the 
first study and subsequently died had a particularly 
marked depression of CBF initially compared to the 
group of patients who recovered, and invariably CBF 
continued to fall as the patient's neurological status 
deteriorated even further. 

The exceptions to these observations were the two 
adolescent patients who presented with a marked dis- 
sociation between CBF and level of consciousness. 
These limited observations suggest that the young 
brain responds very differently to acute trauma than 
does the older brain. 

` The patients in this series received a variety of 
therapies, some according to protocols established in 
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our head injury program and others on an ad lib 
emergency basis. The principal purpose of the therapy 
was to reduce intracranial pressure, and the effort was 
successful in all of the cases. None of the patients 
had marked intracranial hypertension at the time of the 
rCBF studies. This is an important point, since in- 
creased intracranial pressure does reduce CBF in head 
injured patients independent of neurological status.® 

In the long run the most important contribution of 
the noninvasive Xenon technique to head injured 
patients may be in the identification of those patients 
who will respond to therapy which improves brain func- 
tion before that response is evident from the neuro- 
logical examination. 
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ROCEDURE GO MORE SMOOTHLY 


MAY BE GIVEN IV. 
| FOR RAPID ONSET OF ACTION 
; EASILY TITRATED TO DESIRED RESPONSE 
i 
l lV. administration makes it possible to 
i titrate the dosage of Injectable Valium to 
1 the desired degree of response. This is 
particularly important when prompt calm- 
ing, muscle relaxant or anticonvulsive ac- 
| tion is required, and when the patient's 


| reaction to medication must be monitored 
closely. 


GIVEN IV. 


As preoperative medication, I.M. adminis- 

| tration of Injectable Valium is the preferred 

route. When administered intravenously, 
Injectable Valium usually produces antero- 

grade amnesia of rapid onset and short 

duration. When given intravenously prior to 

m - 3, surgery, for example, most patients cannot 
x iem es — recall the induction period. 


ValiUm diazepam)< 


_ Abroad range of benefits 
in one effective agent 


FANE 
Intravenous 
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Please see last page of this advertisement for a summary of product information. 





(diazepam) 
_ Abroad range of benefits 
in one effective agent 


Can be administered I.M. or IV. 





Rapid onset of action 
Easily titrated I.V. 


Please consult complete product information, a summary of which fol- 
lows: 

Indications: Tension and anxiety states; somatic complaints which are 
concomitants of emotional factors; psychoneurotic states manifested by 
tension, anxiety, apprehension, fatigue, depressive symptoms or agitation; 
symptomatic relief of acute agitation, tremor, impending or acute delirium 
tremens and hallucinosis due to acute alcohol withdrawal; adjunctively in 
relief of skeletal muscle spasm due to reflex spasm to local pathology; 
spasticity caused by upper motor neuron disorders; athetosis; stiff-man 
Syndrome; tetanus; status epilepticus, severe recurrent seizures; adjunc- 
tively in anxiety, tension or acute stress reactions prior to endoscopic/ 
surgical procedures; cardioversion 

Contraindications: Hypersensitivity; acute narrow angle glaucoma; 
may be used in patients with open angle glaucoma receiving appropriate 
therapy 

Warnings: To reduce the possibility of venous thrombosis, phlebitis, 
local irritation, swelling, and, rarely, vascular impairment when used I.V.: in- 
ject slowly, taking at least one minute for each 5 mg (1 ml) given; do not 
use small veins, i.e., dorsum of hand or wrist; use extreme care to avoid 
intra-arterial administration or extravasation. Do not mix or dilute with other 
solutions or drugs, or add to I.V. fluids 

Administer with extreme care to elderly, very ill, those with limited pul- 
monary reserve because of possibility of apnea and/or cardiac arrest; con- 
comitant use of barbiturates, alcohol or other CNS depressants increases 
depression with increased risk of apnea; have re- 
suscitative facilities available. When used with [i 1 - 
narcotic analgesic, eliminate or reduce narcotic 
dosage at least 5, administer in small increments 
Should not be administered to patients in shock, 
coma, acute alcoholic intoxication with depres- 
sion of vital signs. As with most CNS-acting drugs, 
caution against hazardous occupations requiring 
complete mental alertness (e.g., operating 
machinery, driving) 

Has precipitated tonic status epilepticus in 
patients treated for petit mal status or petit mal 
variant status. 

Withdrawal symptoms (similar to those with 
barbiturates, alcohol) have occurred following 
abrupt discontinuance (convulsions, tremor, ab- 
dominal/muscle cramps, vomiting, sweating) 
Keep addiction-prone individuals under careful 
surveillance because of predisposition to 
habituation/dependence 

Usage in Pregnancy: Use of 

minor tranquilizers during first 

trimester should almost always be 

avoided because of increased risk 

of congenital malformations as 

suggested in several studies. Consider possibility of pregnancy 

when instituting therapy; advise patients to discuss therapy if 

they intend to or do become pregnant. 

Not recommended for OB use 

Efficacy/safety not established in neonates (age 30 days or 
less); prolonged-CNS depression observed. In children, give slowly (up to 
0.25 mg/kg over 3 minutes) to avoid apnea or prolonged somnolence; can 
be repeated after 15 to 30 minutes. If no relief after third administration, 
appropriate adjunctive therapy is recommended 

Precautions: Although promptly controlled, seizures may return; 
readminister if necessary; not recommended for long-term 
maintenance therapy. 








4 LABonATORIÉ g 
"ottmanna 15 Fg 


New Jersey i | 

















If combined with other psychotropics or anticonvulsants, carefully con- 
sider individual pharmacologic effects—particularly with known compounds 
which may potentiate action of Valium (diazepam), i.e., phenothiazines, 
narcotics, barbiturates, MAO inhibitors, antidepressants. Protective mea- 
sures indicated in highly anxious patients with accompanying depression 
who may have suicidal tendencies. Observe usual precautions in impaired 
hepatic function; avoid accumulation in patients with compromised kidney 
function. Laryngospasm/increased cough reflex are possible during peroral 
endoscopic procedures; use topical anesthetic, have necessary counter- 
measures available. Hypotension or muscular weakness possible, particu- 
larly when used with narcotics, barbiturates or alcohol. Use lower doses (2 
to 5 mg) for elderly/debilitated 

Adverse Reactions: Drowsiness, fatigue, ataxia, venous thrombosis/ 
phlebitis at injection site, confusion, depression, dysarthria, headache, 
hypoactivity, slurred speech, syncope, tremor, vertigo, constipation, 
nausea, incontinence, changes in libido, urinary retention, bradycardia, 
cardiovascular collapse, hypotension, blurred vision, diplopia, nystagmus, 
urticaria, skin rash, hiccups, changes in salivation, neutropenia, jaundice. 
Paradoxical reactions such as acute hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, insomnia, rage, sleep disturbances, 
stimulation have been reported; should these occur, discontinue drug. 
Cough, depressed respiration, dyspnea, hyperventilation, 'aryngospasm/ 
pain in throat and chest have been reported in peroral endoscopic proce- 
dures. Isolated reports of neutropenia, jaundice; periodic blood counts, 
liver function tests advisable during long-term therapy. Minor EEG 
changes, usually low-voltage fast activity, of no known significance. 

Dosage: Usual initial dose in older children and adults is 2 to 20 mg 
I.M. or IV., depending on indication and severity. Larger doses may be re- 
quired in some conditions (tetanus). In acute conditions injection may be 
repeated within 1 hour, although interval of 3 to 4 hours is usually satisfac- 
tory. Lower doses (usually 2 to 5 mg) with slow dosage increase for elderly 
or debilitated patients and when sedative drugs are addec. (See Warnings 
and Adverse Reactions.) 

For dosages in infants and children see below; have resuscitative 
facilities available 

I.M. use: by deep injection into the muscle. 

I.V. use: inject slowly, take at least one minute for each 5 mg (1 ml) 
given. Do not use small veins, i.e., dorsum of hand or wrist. Use extreme 
care to avoid intra-arterial administration or extravasation. Do not mix or 

dilute with other solutions or drugs; do not add to I.V. fluids. 

Moderate psychoneurotic reactions, 2 to 5 mg I.M. or I.V. and severe 
psychoneurotic reactions, 5 to 10 mg I.M. or I.V., repeat in 3 to 4 hours if 
necessary; acute alcoholic withdrawal, 10 mg I.M. or I.V. initially, then 5 to 
10 mg in 3 to 4 hours if necessary. Muscle spasm, in adults, 5 to 10 mg 
I.M. or LV. initially, then 5 to 10 mg in 3 to 4 hours if necessary (tetanus 
may require larger doses); in children, administer I.V. slowly; for tetanus in 
infants over 30 days of age, 1 to 2 mg I.M. or I.V., repeat every 3 to 4 
hours if necessary; in children 5 years or older, 5 to 10 mg repeated every 
3 to 4 hours as needed. Respiratory assistance should. be available. 

Status epilepticus, severe recurrent convulsive seizures (l.V. route pre- 
ferred), 5 to 10 mg adult dose administered slowly, repeat at 10- to 15- 
minute intervals up to 30 mg maximum. Repeat in 2 to 4 hours if necessary 
keeping in mind possibility of residual active metabolites. Use caution in 

presence of chronic lung disease or unstable 
cardiovascular status. Infants (over 30 
days) and children (under 5 years), 0.2 to 
0.5 mg slowly every 2 to 5 min., up to 5 
D mg (I.V. preferred). Children 5 years 
plus, 1 mg every 2 to 5 min., up to 10 mg 
(slow I.V. preferred); repeat in 2 to 4 hours if 
needed. EEG monitoring may be helpful. 
In endoscopic procedures, titrate I. V. dos- 

age to desired sedative response, generally 10 

mg or less but up to 20 mg (if narcotics are omit- 

ted) immediately prior to procedure; if |. V. cannot 
be used, 5 to 10 mg I.M. approximately 30 min- 
utes prior to procedure. As preoperative medica- 

tion, 10 mg I.M.; in cardioversion, 5 to 15 mg I.V. 

within 5 to 10 minutes prior to procedure. Once 

acute symptomatology has been properly 
controlled with injectable form, patient may be placed 
on oral form if further treatment is required 

Management of Overdosage: Manifestations include 
somnolence, confusion, coma, diminished reflexes. 

Monitor respiration, pulse, blood pressure; employ general 
supportive measures, I.V. fluids, adequate airway. Use 
levarterenol or metaraminol for hypotension, caffeine and 
sodium benzoate for CNS-depressive effects. Dialysis is of 
limited value. 
Supplied: Ampuls, 2 ml, boxes of 10; Vials, 10 ml, boxes of 
1; Tel-E-Ject® (disposable syringes), 2 ml, boxes of 10. Each ml 
contains 5 mg diazepam compounded with 4096 propylene glycol, 
10% ethyl alcohol, 5% sodium benzoate and benzoic acid as buf- 
fers, and 1.5% benzyl alcohol as preservative. 
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Roche Laboratories 
Division of Hoffmann-La Roche Inc 
Nutley, New Jersey 07110 


Viokase® costs your patients less than other pancreatic preparations 


4x N.F. Protease 
6x N.F. Amylase 

10 x N.F. Lipase 
(whole pancreas) 
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Hive 
Year 
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in the management of exocrine pancreatic deficiencies 


The effectiveness of Viokase is con- 
firmed by over twenty-five years of 
clinical experience...and it still 
costs your patients less than other 
pancreatic preparations. Current lit- 
erature’? documents the use of Vio- 
kase as a digestive aid in cystic fi- 
brosis and in exocrine pancreatic 
deficiencies usually due to chronic 
pancreatitis, pancreatectomy or 
obstruction in the pancreas caused 
by malignant growth. 


1. Kafka, E. and Klaser, H.: "Pancreatic Dis- 
ease", Postgraduate Medicine, 57: 140-145, 
1975. 

2. Long, W.B. and Weiss, J.B.: Gastroen- 
terology, 67:920-925, 1974. 


VIOKASE® 
(pancreatin) 


Description: VIOKASE is a pan- 
creatic enzyme concentrate of por- 
cine origin containing standardized 
amylase, protease and lipase ac- 
tivities plus esterases, peptidases, 
nucleases and elastase. 


The enzyme potency of the tablets 
and powder are: 
Each325mg. Each 0.75 gram 


Tablet (‘/ teaspoonful) 
Lipase, N.F. Units 6.500 15.000 
Protease, N.F. Units 32.000 75.000 
Amylase, N.F. Units 48.000 112.500 


Under conditions of the N.F. test 
method (in vitro) VIOKASE has the 
following total digestive capacity: 





Each 325 mg. Each 0.75 g. 

Tablet Powder 
Dietary Fat 23 53 grams 
Dietary Protein 32 75 grams 
Dietary Starch 48 112 grams 


VIOKASE Tablets are not enteric 
coated 


Indications: As a digestive aid in 
cystic fibrosis and in exocrine pan- 
creatic deficiencies usually due to 
chronic pancreatitis, pancreatec- 
tomy or obstruction in the pancreas 
caused by malignant growth 


Administration and Dosage: 
Powder: Dosage to patients with 
cystic fibrosis: V3 teaspoon (0.75 
grams) with meals 


VIOBIN CORPORATION 


Tablets: Dosage to patients with cys- 
tic fibrosis or chronic pancreatitis 
—1 to 3 tablets with meals. For aid- 
ing digestion in patients with pan- 
createctomy or gastrectomy—1 to 2 
tablets taken at 2-hour intervals, or 
as directed by physician 


Caution: Federal law prohibits dis- 
pensing without prescription 


Warnings: Avoid inhalation of 
powder. x 


Precautions: Use with caution in 
patients known to be allergic to pork 
protein. 


How Supplied: 

Powder: Bottles of 4 ounces and 8 
ounces 

Tablets: Bottles of 100 and 500 


Literature Available: Complete lit- 
erature available upon request in- 
cluding information on BEEF VIO- 
KASE DERIVED FROM BEEF PAN- 
CREAS FOR THOSE EXCEPTIONAL 
PATIENTS ALLERGIC TO PORK 


A Subsidiary of A.H. Robins Company 


Monticello, IL 61856 


CEA-ROCHE ng/ml 


In cancer 
management 


periodic CEA-ROCHE assays 
may detect recurrence of disease 
months before other clinical signs 


are evident 


10.0 


Lung 


Breast 


5.0 


2.9 


GI Tract 
GU 'Iract 












Therapeutic Response Curve 


CEA-ROCHE, when used as a biological marker 
for following the cancer patient’s response to 
therapy, should be employed periodically to 
determine a trend. The first test (preferably 
taken prior to beginning treatment) is used as 
a baseline against which subsequent tests are 
measured. Investigators have recommended 
that assays be run every 3-4 weeks during 
periods of active therapy, then once every 

1-2 months for the first six months after com- 
pletion of therapy; and finally, every 6-12 
months as part of the long-term follow-up. 


Results of periodic CEA-ROCHE assays 

have been found to closely mirror clinical 
response to therapy. Effective therapy normally 
results in a drop in an elevated CEA titer to 
levels below 2.5 ng/ml. Conversely, CEA titers 
usually remain elevated in the presence of 
refractory disease or when therapy is unsuc- 
cessful. 





CEA-ROCHE 
Coarcinoembryonic Antigen assay 


a valuable adjunct to other laboratory tests 
for monitoring the cancer patients status 


Four years of extensive clinical use have shown CEA-ROCHE 


-tahe an important part of the total management program Saks ole TN 
r . e . Tı 

Iur patients with internal carcinoma: breast, lung, GI MOM 

and GU tracts. Used periodically, this assay is a o Laboratories, Inc. 

valuable means of... Five Johnson Drive 

TRE ff a f Aper Raritan, New Jersey 08869 

@ monitoring the effects of surgery, radiation (201) 526-2400 

or chemotherapy 800-631-5250 A 

nene z m Major hospital and private 
@ indicating the need for a change or laboratories 


re-evaluation of therapy 
@ suggesting the recurrence or C ROCHE » 
progression of disease 


Complete and mail the following w-a 
coupon to 


Professional Services 
Department 

Roche Laboratories 

340 Kingsland Street 
Nutley, New Jersey 07110 
(201) 235-4873 

I am interested in knowing 
more about the use of 
CEA-ROCHE as a manage- 
ment aid in patients with 


O Breast cancer 
[ Lung cancer 
LGI cancer 

[ ]GU cancer 


Please send me some of the 





Progression/ Recurrence Curve d 
The importance of periodic CEA-ROCHE above. 


assays for the prompt recognition of tumor 
progression/recurrence has been found to be 
"crucial in the clinical follow-up of these 
[cancer] patients." The same report also showed 
that progressively rising titer levels often pre- 
ceded actual clinical relapse by weeks to 
months. * 
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In the immunosuppressed patient 
usual clinical signs and symptoms 
of infection may be missing or 

not clear. Hence, diagnosis and 
initiation of proper therapy 
become most urgent 


An initial loading dose of 1to 2 Gm 
of Keflin may be given regardless 
of the patient's renal status 
Patients with impaired renal 
function should be placed on 
a reduced dosage schedule 
Usual doses in such 
individuals may result 
in excessive serum 
concentrations. 


Keflin may be administered 
I.V. or I.P. in dosages as 
high as 12 Gm. per day 


Mean serum concentrations 


100 after I. V. administration of Keflin 


——— 1 Gm i 
804 EEE 2 Grm. 


Data on file at 
Eli Lilly and Company 





*Skin and soft-tissue infections, including 
peritonitis, caused by susceptible strains of 
staphylococci (both penicillinase and 
nonpenicillinase-producing), group A 
beta-hemolytic streptococci, Escherichia 
coli, Proteus mirabilis, and Klebsiella 








15 30 45 60 90 120 
Time (Minutes) 
t+ Administered to six patients by rapid | V. infusion Please see opposite page for 
+ Administered to ten patients over a thirty-minute period summary of prescribing information. 


In serious skin and soft-tissue infections * 


OFTEN USEFUL 
WHEN MOST NEEDED 


As you know, skin and soft-tissue infections * including 
peritonitis, may progress with alarming rapidity in patients 
with impaired host defenses...even to the point of becoming 
irreversible. Keflin can often be useful before the infection 
becomes irreversible...exactly when itis most needed 

Eleven years after its introduction. Keflin continues to be 
effective against most strains of gram-positive and gram- 
negative organisms commonly implicated in serious skin 
and soft-tissue infections* Therefore, when you suspect that 
the pathogen involved is one of the susceptible organisms 
for which the drug is indicated in skin and soft-tissue 
infections * you may begin therapy with Keflin even while 
results of susceptibility studies are pending...and thus save 
precious hours for the patient. Keflin may be administered 
to infants and to patients with reduced renal function 

Keflin should be given cautiously to penicillin-sensitive 
patients 

Itis contraindicated in persons who have shown hyper- 
sensitivity to cephalosporin antibiotics. 

* Skin and soft-tissue infections, including peritonitis. caused by susceptible strains 


of staphylococci (both penicillinase and nonpenicillinase-producing). group A 
beta-hemolytic streptococci. Esch. coli. Pr. mirabilis. and Klebsiella 


m ® 
in 100-ml. ampoule 


cephalothin sodium 
Neutral 


for Injection 


tEquivalent to cephalothin 


Brief Summary. 
Consult the package literature for 
prescribing information. 
Indications: Keflin* (cephalothin sodium 
Lilly), Neutral. for Injection. is indicated for the 
treatment of serious infections caused by 
susceptible strains of the designated micro- 
organisms in the diseases listed below 
Skin and soft-tissue infections. including 
peritonitis, caused by staphylococci (peni 
cillinase and nonpenicillinase-producing) 
group A beta-hemolytic streptococci 
Escherichia coli, Proteus mirabilis, and 
Klebsiella 
Bone and joint infections caused by 
staphylococci (penicillinase and 
nonpenicillinase-producing 
Contraindication: Previous hypersensitivity 
to cephalosporins. 
Warnings: BEFORE CEPHALOTHIN 
THERAPY IS INSTITUTED, CAREFUL 
INQUIRY SHOULD BE MADE CONCERN- 
ING PREVIOUS HYPERSENSITIVITY 
REACTIONS TO CEPHALOSPORINS AND 
PENICILLIN CEPHALOSPORIN C 
DERIVATIVES SHOULD BE GIVEN 
CAUTIOUSLY TO PENICILLIN-SENSITIVE 
PATIENTS 
SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER EMERGENCY MEASURES 
There is some evidence of partial cross 
allergenicity of the penicillins and the 
cephalosporins Severe anaphylactoid 
reactions have been reported with both drugs 
Patients with allergy and hypersensitivity 
should receive antibiotics cautiously and 
only when necessary 
Usage in Pregnancy — Safety for use during 
pregnancy has not been established 
Precautions: Patients should be followed 
carefully to detect any side-effects or drug 
idiosyncrasy If an allergic reaction occurs 
discontinue the drug agd treat the patient with 
usual agents 
Although alteration in kidney function is 
rare, evaluation of renal status is recom 
mended Patients with impaired renal func- 
tion should be placed on a reduced dosage 
schedule to prevent excessive serum con 
centrations Consult prescribing information 
If thrombophlebitis or superinfection 
occurs, take appropriate measures. A false- 
positive reaction for glucose in the urine has 
been observed with some tests but not with 
Tes-Tape” (urine sugar analysis paper, Lilly) 
Adverse Reactions: Maculopapular rash 
urticaria, pain, induration. tenderness, eleva- 
tion of temperature, reactions resembling 
serum sickness, anaphylaxis. eosinophilia 
drug fever, neutropenia. thrombocytopenia 
hemolytic anemia. thrombophlebitis, transient 
rise in SGOT and alkaline phosphatase, rise 
in BUN, decreased creatinine clearance, and 
a positive direct Coombs test have been 
reported 1475S 


Additional information available to the 


profession on request 


Eli Lilly and Company 
Indianapolis, Indiana 46206 





DONT PANIC, — 


Call Olympus 
Service. 


It’s important to consider service when you make 
your choice of fiberscopes. There’s an Olympus service 
lab near you in New York, Chicago, Los Angeles, Houston 
and Jacksonville. Write for information or a demonstration 
of an Olympus fiberscope for your specialty. 
Olympus Corporation of America, Medical Instrument 
Division, 2 Nevada Drive, New Hyde Park, New York 11040. 


OLYMPUS 





Every day, healthy people 
leave the hospital- 


carrying resistant staph. 





Today, more than 80%* of community staph is resistant to 


penicillin G. 


Treat these resistant staph 
infections as effectively in the 
office as you do in the hospital. 


*Ross, S. et al.: JAMA 229: 1075 (Aug. 19) 1974. 





BRIEF SUMMARY OF PRESCRIBING INFORMATION 


Combined Prostaphlin® (oxacillin sodium) 
Capsule and Oral Solution (11) PROSTAPHLIN 9/11/75 


For complete information, consult 
Circular 
Indications: Although the prin ndication fc 
sodium is in the treatment of ir s due to p 
nase-producing staphylococci, i y be used 
therapy in such patients in whom a staphylococcal infec- 
tion is suspected. (See Important Note below.) 
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A.H.F.S. Category 8:12.16 


CONVENTIONAL 
SURGICAL LIGHTING 
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AFFILIATED/angēnieux AX8 
SURGICAL LIGHT 


The Affiliated/ 
angénieux AX8 solves 
the most perplexing 
problems of conventional 
lighting systems. 


SHADOWS: 

The surgeon's head offen casts a shadow 
with conventional lights. But the AX8’s 
unique X-shape can be positioned 

around the surgeon's head to avoid 
shadows. Its compact size reduces shadows 
cast by other members of the OR team. 


DRIFTING: 

AX8's unique ball and socket construction and 
unique counterbalancing system maintains the light 
where you set it for drift-free positioning without imitating 
interruptions for adjustments. 


HEAT: 
All surgical lights generate heat. But AX8 ventilates it outside the OR 
away from you and the surgical team. 


COLOR DISTORTION: 
AX8's patented coated miror system reduces color distortion. 
Color corrected light reveals realistic tissue color. 


LIGHT INTENSITY: 

The AX8 is more compact than most conventional 
systems, but it delivers more light intensity to give you 
the illumination you need even in deep cavities. 
Intensity can be adjusted from 3,000 to 11,500 
footcandles. 


POSITIONING AND FOCUSING: 

The lightweight AX8 gives you one simple 
positioning/focusing knob for fast, easy set-up. 
It’s also more flexible than conventional track 
lighting. The AX8 can be positioned anywhere 
within a 43 foot diameter covering an area 

of 132.7 square feet in all. 


MULTIPLE SOURCE ILLUMINATION: 

The AX8 system enables you to add two or four 
pod satellites at any time after the original 
installation. 


Consider all the advantages that Affiliated 
angenieux AX8 offers you. Shouldn't it be the 
light you work under? 


AFFILIATED HOSPITAL PRODUCTS INC. 





Hemoclip 
Surgical 





Occluding Technique 


Versatility plus Design for 
unequaled performance 


Versatility... 


the kind the Pistol Grip Applier, alone, gives with 
its four-position tip—adjusts right, left, up, or 
down. It’s an aid to accurate clip placement, even 
inthe most hard-to-reach areas. Versatility overall, 
there are 24 different Hemoclip®Appliers to best 
suit the operative procedure. : 


A. A 


Small Medium 


Design... 


the way these annealed tantalum clips are pre- 
formed with unique shoulders, distributing closing 
pressure evenly. Precise tip-to-tip closure is at- 
tained, distal segments closing first, to encompass 
all ofthe vessel. Designed to hold securely, optimal 
grooves (0.007 mm. deep) on the inside of the clip 
allow dispersion of tissue without harmful crushing. 
Edges of the clip are smooth and round to prevent 
snagging or irritation on adjacent tissue. 






Weck Window 


And the Medium Large (ML) clip—its "in-between" 


Size offers greater versatility. Appendectomy, cho- 


lecystectomy, nephrectomy, saphenous vein liga- 
tion, splenectomy, and rectal polyp are among the 
surgical procedures for which this new size may 
be used. 


C PD Su 


Medium Large Large 


Design for performance isalso evident in Hemoclip® . 
appliers—in their distinctively slim jaws, but es- 
pecially in the exclusive “Weck Window? This 
subtle feature allows the Hemoclip'occluding clip 
to extend to a complete closure at the proximal 
end, unlike other clips. No gap is left in the clip 
for possible vessel leakage. The same Weck thor- 
oughness extends through the entire Hemoclip® 
System. 
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Disc Susceptibility Tests: Quantitative methods that require 
measurement of zone diameters give the most precise estimates of 
antibiotic susceptibility. One such procedure* has been recom- 
mended for use with discs for testing susceptibility to penicillinase- 
resistant penicillin-class antibiotics. Interpretations correlate diam- 
eters on the disc test with MIC values for penicillinase-resistant 
penicillins. With this procedure, a report from the laboratory of 
“susceptible” indicates that the infecting organism is likely to 
respond to therapy. A report of “resistant” indicates that the infect- 
ing organism is not likely to respond to therapy. A report of "'inter- 
mediate susceptibility" suggests that the organism would be 
susceptible if high dosage is used, or if the infection is confined to 
tissues and fluids (e.g., urine) in which high antibiotic levels are 
attained. 

*Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic 
Testing by a Standardized Single-Discs Method, Am. J. Clin. Pathol., 
45:493, 1966; Standardized Disc Susceptibility Test, FEDERAL REGISTER 
37:20527-29, 1972. 

Indications: Although the principal indication for Unipen is in the 
treatment of infections due to penicillinase-producing staphylococci, 
it may be used to initiate therapy in such patients in whom a staphy- 
lococcal infection is suspected. (See Important Note below.) 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to Unipen should be performed. 

In serious, life-threatening infections, oral preparations of the 

penicillinase-resistant penicillins should not be relied on for 
initial therapy. 
Important Note: When it is judged necessary that treatment be 
initiated before definitive culture and sensitivity results are known, 
the choice of Unipen should take into consideration the fact that 
it has been shown to be effective only in the treatment of infections 
caused by pneumococci, Group A beta-hemolytic streptococci and 
penicillin G-resistant and penicillin G-sensitive staphylococci. If the 
bacteriology report later indicates the infection is due to an organism 
other than a penicillin G-resistant staphylococcus sensitive to 
Unipen, the physician is advised to continue therapy with a drug 
other than Unipen or any other penicillinase-resistant semi- 
synthetic penicillin. 

Recent studies have reported that the percentage of staphylococcal 
isolates resistant to penicillin G outside the hospital is increasing, 
approximating the high percentage of resistant staphylococcal iso- 
lates found in the hospital. For this reason, it is recommended that 
a penicillinase-resistant penicillin be used as initial therapy for any 
suspected staphylococcal infection until culture and sensitivity 
results are known. 

Methicillin is a compound that acts through a mechanism similar 
to that of Unipen against penicillin G-resistant staphylococci. 
Strains of staphylococci resistant to methicillin have existed in 
nature and it is known that the number of these strains reported has 
been*increasing. Such strains of staphylococci have been capable of 
producing serious disease, in some instances resulting in fatality. 
Because of this there is concern that widespread use of the peni- 
cillinase-resistant penicillins may result in the appearance of an 
increasing number of staphylococcal strains which are resistant to 
these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Contraindications: A history of allergic reaction to any of the 
penicillins is a contraindication. 

Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported in patients on penicillin 
therapy. Although anaphylaxis is more frequent following parenteral 
therapy it has occurred in patients on oral penicillins. These re- 
actions are more apt to occur in individuals with a history of 
sensitivity to multiple allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersen- 
sitivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to penicillins, cephalosporins, and other 
allergens. If an allergic reaction occurs, appropriate therapy should 


be instituted, and discontinuation of Unipen (nafcillin sodium) 
therapy considered. The usual agents (antihistamines, pressor 
amines, corticosteroids) should be readily available. 

Precautions: As with any potent drug, periodic assessment of 
organ-system function, including renal, hepatic and hematopoietic, 
should be made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 

because of the possibility of thrombophlebitis. 
Adverse Reactions: Reactions to Unipen have been infrequent and 
mild in nature. As with other penicillins, the possibility of an anaphy- 
lactic reaction or serum sickness-like reactions should be considered. 
A careful history should be taken. Patients with histories of hay 
fever, asthma, urticaria, or previous sensitivity to penicillin are more 
likely to react adversely. 

The few reactions associated with the intramuscular use of Unipen 
have been skin rash, pruritus, and possible drug fever. As with 
other penicillins, reactions from oral use of the drug have included 
nausea, vomiting, diarrhea, urticaria, and pruritus. 

Parenteral Administration: It is recommended that parenteral 
therapy be used initially in severe infections. The patient should be 
placed on oral therapy with this product as soon as the clinical condi- 
tion warrants. Very severe infections may require very high doses. 

Intravenous Route: The required amount of drug should be 
diluted in 15 to 30 ml. of Sterile Water for Injection, U.S.P., or 
Sodium Chloride Injection, U.S.P., and injected over a 5- to 10- 
minute period. This may be accomplished through the tubing of an 
intravenous infusion if desirable. 

Stability studies on Unipen at concentrations of 2 mg/ml and 
30 mg/ml in the following intravenous solutions indicate the drug 
will lose less than 10% activity at room temperature (70? F.) during 
the time period stipulated: 

Isotonic sodium chloride.............................. 24 hours 


5% dextrose in water .... 0... eee eee 24 hours 
5% dextrose in 0.4% 

sodium chloride solution...............0.........0.... 24 hours 
Rigo! s SOMUGI cesa oes oo uos praua PR pex 24 hours 
M/6 sodium lactate solution 

(conc. of 30 mg/ml)......... ......24 hours 


Discard any unused portions of intravenous solutions after 
24 hours. 

Only those solutions listed above should be used for the intra- 
venous infusion of Unipen. The concentration of the antibiotic should 
fall within the range of 2 to 30 mg/ml. The drug concentrate and the 
rate and volume of the infusion should be adjusted so that the total 
dose of Unipen is administered before the drug loses its stability 
in the solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 

Intramuscular Route: The clear solution should be administered 
by deep intragluteal injection immediately after reconstitution. 
After reconstitution, keep refrigerated (2°-8° C.) and use within 
7 days or keep at room temperature (25° C.) and use within 3 days. 
Oral Administration: Beta-hemolytic streptococcal infections 
should be treated for at least 10 days to prevent development of 
acute rheumatic fever or glomerulonephritis. 

If oral therapy is inadequate, resort to parenteral Unipen. 

After mixing, the oral solution must be stored in a refrigerator. 
Discard any unused portion after one week. 

Supplied: INJECTION (VIALS)—Supplied in vial sizes of 500 mg., 
1 gram, and 2 gram Unipen as the monohydrate, buffered. When 
reconstituted as recommended, the contents of each vial provide, 
respectively, 2-, 4- or 8-ml. of Unipen solution equivalent per m/. to 
250 mg. Unipen buffered with 10 mg. sodium citrate. Film-coated 
TABLETS—containing Unipen as the monohydrate, equivalent to 
500 mg. Unipen buffered with calcium carbonate. CAPSULES— 
containing Unipen as the monohydrate, equivalent to 250 mg. 
Unipen buffered with calcium carbonate. FOR ORAL SOLUTION— 
Bottle of dry Unipen as monohydrate—powder for reconstitution to 
provide 100 ml. of solution containing Unipen equivalent to 250 mg. 
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Transampullary Septectomy for Post-cholecystectomy Pain 


FRANK G. MOODY, M.D., MALCOLM M. BERENSON, M.D., DONALD McCLOSKEY, M.D. 


Twenty-eight patients with chronic, incapacitating upper ab- 
dominal pain after cholecystectomy had excision of the common 
wall between the terminal bile duct and duct of Wirsung 
(ampullary septum). Twenty-two also had a sphincteroplasty; 
six had had this procedure previously. Pancreatic function 
studies, scintiscans, ultrasound and pancreatograms were 
non-diagnositc. Hyperamylasemia was an uncommon finding. 
Eight patients were found to have evidence of mild pancreatitis 
at exploration. There was gross scarring of the ampullary 
septum in 22 cases. Histologic examination revealed inflamma- 
tion in 12 septa; the degree of fibrosis could not be assessed 
since 14 control septa from autopsy material free from biliary 
tract disease revealed a comparable degree of collagen and 
smooth muscle. There were no deaths, and minimal morbidity. 
In follow-up from seven to 59 months (mean = 26), 16 patients 
are relatively free of pain, five have occasional episodes which 
require non-narcotic analgesics, and seven have gained no 
relief from the operative procedure. A randomized controlled 
trial is recommended. 


ERSISTENCE OR RECURRENCE of symptoms after 
P cholecystectomy is equally discouraging to patient 
and surgeon, and represents a relatively common, 
poorly defined problem.» An incapacitating variant of 
the so-called post-cholecystectomy syndrome is epi- 
sodic, severe upper abdominal pain requiring potent 
analgesics for relief. Occasionally an overlooked or 
reformed stone within the common duct provides an 
explanation for the pain, and relief follows choledo- 
cholithotomy. More commonly, however, an etiologic 
agent is not revealed by extensive evaluation, includ- 
ing exploratory celiotomy. Inflammation and scarring 
of the papilla of Vater, biliary dyskinesia, and elonga- 
tion or neuroma formation of a cystic duct remnant,*1° 
have been suspected to play a role in post-cholecystec- 
tomy pain, but conclusive evidence to support a role 
for these entities have not been forthcoming. 

Acosta and Nardi? have provided convincing histo- 
logic evidence that the papilla of Vater becomes 
scarred and inflammed in some patients with chronic 
calcareous biliary tract disease. Unfortunately, an 
anterior 0.5 cm sphincterotomy or even a 2-3 cm 
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sphincteroplasty does not always provide pain relief 
in patients with this problem.?? The failure of this pro- 
cedure would be predictable if the pain in this disease 
is pancreatic in origin, since anterior sphincteroplasty 
leaves the portion of the sphincter around the terminal 
end of the duct of Wirsung relatively intact (Fig. 1). 
Furthermore, inflammation of the papilla of Vater may 
render the ampullary septum, that thin veil of tissue 
between the duct of Wirsung and the terminal end of the 
bile duct, a thickened attachment for the undivided 
posterior aspect of the sphincter. Increased resistance 
to the outflow of pancreatic secretion could result from 
thickening of this tissue. It may be for this reason that 
Warren and Veidenheimer?? reported improved results 
when dilatation of the opening of the duct of Wirsung 
is coupled with sphincterotomy in the treatment of mild 
pancreatitis. 

In 1960, Bartlett and Nardi? described combined 
excision of the ampullary septum with sphincterotomy 
in a small number of patients with extensive scarring 
of the papilla of Vater. Others have also commented 
upon removal of the septum in selected cases.'? A de- 
tailed analysis of patients so treated has not been re- 
ported. The following is a systematic prospective study 
of transampullary septectomy combined with sphinc- 
teroplasty in patients with severe, long standing post- 
cholecystectomy pain. A unique cultural taboo, absti- 
nence from alcohol and tobacco, provided an ideal 
population for this study. 


Material and Methods 


Twenty-eight patients with intractable upper abdom- 
inal pain following cholecystectomy comprise the study 
group. Characteristics of this group are outlined in 
Table 1. Females outnumbered males by over four to 
one. Ages ranged from 23 to 60, with a mean of 40. 
Twenty-three were strict abstainers from alcohol and 
tobacco; three patients alluded to taking an occasional 
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Fic. 1. Schematic of anatomical relationships within the papilla of 
Vater. Note the position of the ampullary septum forming the poste- 
rior wall of the bile duct and the anterior wall of the duct of Wirsung. 


cocktail, and two were chronic alcoholics. Seven pa- 
tients were chronic drug ingestors, and would be cate- 
gorized as medical drug addicts by all standards. Only 
five patients were relatively free from the need of some 
form of analgesia on a regular basis. Four patients were 
judged to have a major psychiatric illness. Eight others 
had mild to moderate affective disorders. 

All patients had undergone cholecystectomy from 
three months to 27 years in the past. Multiple gall- 
stones were present in 21 cases; stones were not found 
in seven. The mean interval from cholecystectomy 
was 5.4 years. The onset of pain following cholecystec- 
tomy was variable. Some patients had persistence of 
the same pain that they had experienced prior to chole- 
cystectomy;' others developed pain years after gaining 
relief of this symptom following operation. Three pa- 
tients had had a common duct exploration at the time of 
cholecystectomy; four patients had had a subsequent 
common duct exploration for stones. Six patients had 
a prior sphincteroplasty. 

Abdominal pain represented the primary symptom 
which led these patients to seek medical attention. The 
mean duration of this symptom was 5.3 + 1.0 (SEM) 
years. The pain was sudden in onset, usually epigastric 
in location, with referral to the right upper abdomen 
or back in about half the patients. Nausea and vomiting 
were a prominent feature of this illness. The pain was 
of such severity that the patient either employed self 
medication or visited a physician or an emergency room 
for injection of a narcotic for pain relief. Fever, chills, 
diarrhea, palpitations, and other systemic symptoms 
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were unusual. Physical examination uniformly re- 
vealed mild epigastric tenderness with maintenance of 
bowel sounds, and absence of other remarkable physi- 
cal findings. Hyperamylasemia was an infrequent find- 
ing. The illness was in most instances self limiting, last- 
ing for 24 to 48 hours. Treatment was usually carried 
out on an ambulatory basis. 

The study design consisted of admitting the patients 
to the University of Utah Medical Center for diagnostic 
workup. Preoperative assessment included consulta- 
tion by members of the Division of Gastroenterology 
and Department of Psychiatry. Diagnostic workup 
included liver and pancreatic function studies, intra- 
venous cholangiography, upper gastrointestinal endos- 
copy, and barium studies of the entire GI tract. Upper 
abdominal ultrasonography, pancreatic scintiscans, 
and endoscopic retrograde cholangiopancreatography 
were utilized when they became available. Visceral 
angiography was obtained in selected cases. In several 
instances the patient had already been extensively 
evaluated by a qualified gastroenterologist outside of 
the treatment center. Only selected studies such as 
retrograde pancreatograms were reattempted if pre- 
viously unsuccessful. 

The surgical procedures were all performed by one 
of us (FGM). The abdomen was entered through the 
incision previously employed for cholecystectomy. 
The large and small bowel were inspected throughout 
their entirety; adhesions were lysed as they were en- 
countered. Exploration included examination of the 
pancreas through the gastrocolic omentum, mobiliza- 
tion of the second portion of the duodenum, and dis- 
section of the cystic duct remnant and the scar tissue 
along the right lateral aspect of the common bile duct. 
An operative cholangiogram was obtained, either 
through the cystic duct remnant or by insertion of a 
#25 needle into the anterior wall of the common duct. 
The common duct was entered through a small choledo- 
chotomy and an exploration carried out. A 3 mm Ferris 
probe was passed through the papilla of Vater into the 
duodenum after attachment to a #5 French filiform 
catheter. The precise location of the papilla was iden- 


TABLE 1. Clinical Characteristics 





Females to males 23 to 5 
Age (yrs)* 40 
Duration of pain (yrs)* 5.3 
Interval postcholecystectomy (yrs)* 5.4 
Prior choledochotomy 7 
Prior sphincteroplasty 6 
Major psychiatric illness 4 
Drug addiction 7 
Alcoholism 2 
Total abstinence (from alcohol) 23 
* Mean. 
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tified by palpation through the anterior wall of the duo- 
denum, and a two centimeter longitudinal duodenotomy 
was performed over the site. Insertion of small loop 
retractors into the duodenum provided a full view of the 
papilla of Vater in most cases. Occasionally it was nec- 
essary to locate the filiform and elevate the papilla by 
gentle traction on either end of this flexible instrument. 
Stay sutures of 4-0 silk were placed at three and nine 
o'clock on the lateral aspects of the papilla in order 
to allow further elevation to a position at or above the 
level of the duodenotomy. Inspection of the papilla at 
this point occasionally revealed the opening of the duct 
of Wirsung on its posterior lip. Four power ophthalmo- 
logic loops and a head lamp greatly facilitated this ma- 
neuver. An anterior three millimeter incision was then 
made in the opening of the papilla at a point just oppo- 
site the opening of the duct of Wirsung, or at a point 
precisely between the lateral stay sutures. The bile duct 
mucosa was secured to that of the duodenum with 5-0 
Dexon. This procedure was continued until an opening 
of two to three centimeters was obtained. At this point 
the opening of the duct of Wirsung was always in full 
view on the inferior lip of the papilla or within a few 
millimeters of its opening. A prominent common chan- 
nel was not encountered in this group of patients. 

A pancreatogram was obtained if the pancreatic duct 
had not been previously visualized. This was accom- 


Fic. 2. (A) A filiform catheter is passed 

down through the papilla of Vater. The 

duodenum is opened for a distance of two 

centimeters over the papilla. (B) Traction 

sutures are placed on either side of the 

papilla. A small incision is initiated in the 

anterior surface of the papilla. The bile 

duct mucosa is secured to the duodenal 

mucosa with 5-0 polyglycolic suture ma- 

terial. These sutures provide further trac- 

tion on the papilla. (C) The long sphinc- 

teroplasty has been completing revealing 

the full length of the anterior surface T 
of the ampullary septum. (D) The septum 

has been excised, forming a direct com- c 
munication between the duct of Wirsung 

and the posterior wall of the common c 
bile duct. One or two sutures of 7-0 chromic 

catgut have been placed at the apex of 

this junction. 
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plished by threading a #22 polyethylene catheter into 
the full length of the pancreatic duct. Two milliliters of 
60 per cent Conray was injected into the ductal system 
as the catheter was withdrawn; an x-ray was taken as 
the catheter tip exited from the opening of the duct 
of Wirsung. 

A 23 gauge needle or catheter was placed into the 
duct of Wirsung at a point proximal to its opening at the 
base of the ampullary septum. Placement of this cathe- 
ter was facilitated by the insertion of a small probe into 
the duct of Wirsung. Secretin was then administered 
intravenously (one unit per kilogram body weight) in 
order to stimulate pancreatic secretion. When flow was 
constant pressures were taken before and following 
incision of the ampullary septum. It was possible to 
make this measurement in only half of the instances 
in which it was attempted. The septum was excised toa 
point deep within the cleft between the common bile 
duct and duct of Wirsung. This angle was closed when 
necessary with interrupted 7-0 chromic catgut sutures 
to approximate the bile duct and duct of Wirsung. The 
duodenotomy was closed in a transverse fashion with 
an inner row of 4-0 Dexon and an outer row of 4-0 silk, 
each placed in interrupted fashion. The closure was 
covered with an omental patch. A #12 French T-tube 
was secured in the common duct with 5-0 silk sutures 
placed in a closely spaced interrupted fashion to insure 
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TABLE 2. Laboratory Assessment of Pancreaticobiliary System 
Test Patients Abnormal Percentage 

Amylase 28 7 25.0 
UGI Series 28 5 17.9 
IV Cholangiography 28 4 14.3 
Pancreatography 24 5 20.8 
Pancreatic Echo 11 3 27.3 
Secretin Test 12 3 25.0 
Scintiscan 11 5 45.5 
Angiography 7 1 14.3 
Nardi Test 4 1 25.0 


a bile tight closure. Two medium sized Penrose drains 
were placed into the operative site; drains and T-tube 
were brought out of the peritoneal cavity through open- 
ings separate from the incision The details of the opera- 
tion are shown in Figure 2. 

Postoperative management included nasogastric suc- 
tion for 48 to 72 hours, parenteral fluid administration, 
Foley catheter drainage for 48 hours, T-tube drainage 
into a bile bag for eight to ten days, gradual removal 
of the drains beginning on the fifth day, and progressive 
oral alimentation as tolerated after removal of the naso- 
gastric tube. The patients were discharged on the ninth 
to the nineteenth day after obtaining a normal cholan- 
giogram and removal of the T-tube. All patients re- 
ceived preoperative antibiotics, either Ampicillin or 
Keflin, which was continued for five days post opera- 
tion. Urinary and serum amylases were obtained on 
the evening of surgery and as indicated thereafter. 

The initial follow-up was conducted by the operating 
surgeon Patients were returned to the care of their re- 
ferring physicians following two or three postoperative 
ambulatory visits. An interval follow-up interview and 
examination was performed by a gastroenterologist 
(MMB) who was unfamiliar with the patient’s prior 
history or operative findings. He was informed, how- 
ever, as to the type of operation that had been per- 
formed. Some patients could only be contacted by tele- 
phone or by a written questionnaire, which included all 
the questions asked in the personal interview. 

Material removed at operation was evaluated in a 
routine manner by the faculty of the Department of 
Pathology A second review was accomplished by a 
pathologist (DM) before and after an extensive histo- 
logic examination of ampullary septa obtained from 
14 cadavers without biliary tract or gastrointestinal 
disease. This latter reviewer was not familiar with the 
case histories of the study patients. 


Results 


Results of special pancreatic studies are shown in 
Table 2. Elevated serum or urine amylase was present 
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in seven of 28 (25%) patients. The elevations were 
in general, of modest degree (less than 1,000 Somogy 
units) and intermittent. Five patients had upper GI serie: 
demonstrating ‘‘pad’’ signs or other mucosal change: 
suggesting pancreatitis. Dilatation of the common bile 
duct or delay in emptying was present in four patients 
Endoscopic retrograde or intraoperative pancrea 
tography was successful in 24 of the 28 patients. Irregu- 
lar duct margins, ‘‘beading’’ and other irregularities 
were documented in five patients. Echo pancreatogra- 
phy revealed enlargement of the pancreas in three ol 
11 patients so studied. No pseudocyts were detected. 
Three patients had abnormally low bicarbonate re- 
sponses following stimulation with Secretin two units 
per kg. None of the patients had a significant rise ir 
amylase following Secretin administration. Seleno- 
methionine pancreatic scans were obtained in 11 pa- 
tients. Inhomogenity and diminished pancreatic vis- 
ualization was present in five studies. Visceral angi- 
ography was obtained in seven patients. One patien! 
had changes suggesting pancreatitis. A Nardi test re- 
produced one patient's pain but was not associatec 
with abnormal enzyme responses. 

Gross inspection and palpation of the pancreas at the 
time of laparotomy revealed two patients with finding: 
consistent with moderate pancreatitis and six with 
minimal pancreatitis; 20 were considered normal. Or 
an individual basis, six patients had no abnormal pan- 
creatic test, 15 had one abnormal study, two had twc 
abnormalities and five had three abnormalities. Patients 
with or without pancreatitis had the same frequency 
of abnormal tests. 

Intraductal pancreatic pressure during secretin stim- 
ulation was obtained in nine patients. Prior to sep- 
totomy this pressure ws 24.7 + 3.3 cm of saline. Fol: 
lowing septotomy the pressure decreased to 10.6 + 3.4 
cm of saline. Two of the patients had an insignifican: 
drop in pressure. 

Biopsies of the ampullary septum were handled in < 
routine manner by the Division of Surgical Pathology 
and examined by a staff pathologist unfamiliar with the 
patient's history, operative findings, or study design. 
Sixteen specimens were reported to be normal, and 12 
revealed varying degrees of inflammation or fibrosis. 
Subsequently, a pathologist familiar with the goals anc 
design of the study, but not acquainted with the opera- 
tive findings or other characteristics of the study popu- 
lation reexamined 27 of the 28 specimens utilizing tri- 
chrome stain and polarized microscopy in addition tc 
the usual hematoxylin eosin stains employed on routine 
histologic examination. His study confirmed that 16 of 
the septa were histologically similar to those obtained 
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Fic. 3. a (top) Histologic representation of a normal ampullary septum (H & E —160x). b (bottom) This photomicrograph of a septum remove 
from a study patient reveals glandular atypia, and chronic inflammation. 
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TABLE 3. Outcome Following Sphincteroplasty with Septectomy 


Relief of* Reduction int Normal* Overall* 
Result Pain Medication Lifestyle Benefit 
Good 16 14 15 16 
Fair 5 8 6 5 
Poor 7 6 7 7 


Degree of improvement: 

* Good = > 75%, Fair = > 50% « 75%, Poor = < 50%. 

t Good — 0 medication, Fair = non-narcotic medication, Poor 
= no change. 


from 14 age matched autopsy control specimens and 
therefore considered to be normal. The autopsy mate- 
rial from patients without evidence of biliary tract dis- 
ease revealed dense bundles of collagen and smooth 
muscle, interspersed with simple glands. Because of 
these findings it was difficult to assess in a meaning- 
ful way the degree of septal fibrosis in the study group. 
We, therefore, identified as abnormal only those septa 


which revealed a significant degree of inflammation. ` 


Eleven septa were abnormal: six had chronic inflamma- 
tion, four had chronic and acute inflammation, and 
one had acute inflammation only. One specimen was 
not available for re-examination. The histologic fea- 
tures of normal and abnormal septa are compared in 
Figure 3. ` 

The morbidity following operation was minimal. 
There were no deaths and one major complication, a 
pulmonary embolus. There were two cases of mild 
pancreatitis, two urinary tract infections, two un- 
diagnosed fevers, one wound infection, one prolonged 
ileus, one injection site infection, one dislodged T-tube, 
one drug rash, and one instance of pulmonary atelecta- 
sis. Sixteen patients had an uncomplicated course. The 
length of hospitalization after operation was 12.0 + 0.5 
days. l 

Efficacy of surgery was assessed by personal inter- 
views and questionnaires conducted by a gastro- 
enterologist (MMB) unfamiliar with the cases. Patients 
were asked to rate their degree of pain relief, quantify 
reduction of narcotic and analgesic pain medication, 
estimate return to normal lifestyle, and evaluate over- 
all benefit. The follow-up period ranged from seven to 
59 months, with an average of 26 months. Results are 
presented in Table 3. 

Relief of pain was fair to good in 21 of 28 patients. 
Seven patients had poor relief of pain: three men and 
four women. Of these, two were known to ingest alco- 
hol and two were addicted to narcotics. Three of the 
seven had gross evidence of pancreatitis. Reduction 
- of pain medication generally correlated with relief of 
pain. In most cases with good pain relief, all pain medi- 
cations were discontinued; some patients required 
occasional non-narcotic analgesics. Fair pain relief was 
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generally associated with discontinuation of narcotic 
analgesics and intermittent use of non-narcotic anal- 
gesics. Only a slight reduction in medication was noted 
in those individuals who had less than 50% relief of 
pain. A full return to normal lifestyle was achieved in 
most patients relieved of pain; those with poor relief 


`- maintained their disability and behavior characteristics 


of the chronic illness syndrome. Overall benefit was 
fair to good in 22 of the 28 patients (75096 improve- 
ment). One of these patients had only minimal pain re- 
lief, yet he had a significant reduction of pain medica- 
tion and improvement of lifestyle. 


Discussion 


Post-cholecystectomy pain that cannot be ascribed 
to a specific cause even after intensive laboratory in- 
vestigation is a difficult unresolved problem. Patients 
afflicted with this illness gradually withdraw from an 
active and productive life; many become addicted to 
narcotics. It is easy to appreciate why such individuals 
become estranged from the medical profession after 
years of failure to gain relief from their symptoms. The 
authors recognize the placebo effects of an operation 
employed in this setting, and the critical need for a con- 
trol population. It appeared premature, however, to 
conduct a controlled trial until a conceptual approach 
to the problem had been established. 

The rationale for excision of the ampullary septum 
and sphincteroplasty is based upon the hypothesis 
that post-cholecystectomy pain is of pancreatic origin 
and results from obstruction to the flow of pancreatic 
secretion. Inflammation and scarring of the ampullary 
septum may result from repeated passage of gallstones 
through the papilla of Vater, or from cholesterolosis of 
the ampulla of Vater (observed in two cases in this 
series). This hypothesis gains support from the obser- 
vation of Acosta and his colleagues,' that gallstones 
can be recovered in the stools of the majority of patients 
with gallstones and pancreatitis. 

Support for the obstruction hypothesis rests on three 
pieces of data: 1) 21 patients (77%) were improved after 
septectomy, 2) four of six patients with prior sphincter- 
oplasty obtained a good reuslt, and 3) pressure within 
the pancreatic ductal system immediately decreased 
two fold following division of the ampullary septum 
during secretin activated pancreatic secretion. 

There is, however, little objective evidence that pain 
in these patients was due to obstruction to the duct of 
Wirsung. For example, only 12 of 28 patients had histo- 
logic evidence of inflammation in the septum even 
though the surgeon interpreted that 23 had significant 
scarring in this area. Furthermore, gross evidence of 
pancreatic disease or hyperamylasemia were unusual 
findings, although most patients had one or more abnor- 
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mal test. The fact that only two of 12 patients had pain 
during their secretin test is also evidence against their 
pain being secondary to an obstruction to outflow of 
pancreatic secretion. 

It is difficult to separate the role of septectomy from 
that of sphincteroplasty in these results. Sphinc- 
teroplasty was necessary in order to gain full vis- 


ualization of the ampullary septum. That sphincterot- _ 


omy or sphincteroplasty alone can provide pain relief 
in patients with stenosing papillitis has been well re- 
corded.*-6!!-13 None of the patients in this study had 
evidence of advanced fibrosis of the papilla of Vater. 
The fact that four of the six patients with unsuccessful 
prior sphincteroplasty had a good result lends further 
weight to the possibility that the septectomy may be 
the ciritical component of this procedure. 

A search of the literature has not revealed a system- 
atic assessment of ampullary septectomy and sphinc- 
teroplasty for post-cholecystectomy pain. Excision of 
the septum in cases where there is obvious stenosis 
of the opening of the duct of Wirsung is common prac- 
tice. In this situation, there is usually cvert evidence 
of chronic fibrosing pancreatitis. None of the patients 
in this series had evidence of advanced pancreatic dis- 
ease. We have, however, performed this procedure on 
three alcoholic patients with fibrosing pancreatitis and 
normal gallbladders. All have continued to drink and 
have persistence of their pain. The fact that 23 of the 
patients in the present study were abstainers from 
alcohol may have contributed in some way to the rela- 
tive success obtained in this series. 

The reason for episodic pain in these patients is not 
known. We presume that it is pancreatic in origin, rather 
than arising from the biliary tree. A simple obstructive 
hypothesis is advanced to explain the syndrome, but 
unfortunately, methods to test this hypothesis are lack- 
ing. Furthermore, the physiology and hence the patho- 
physiology of the Vaterian system is complex and 


DISCUSSION 


Dr. MARSHALL K. BARTLETT (Boston, Massachusetts); A good 
many years ago we became interested in the work of Drs. Doubilet 
and Mulholland on sphincterotomy, and we began to select some 
patients, most of whom had had a previous cholecystectomy, and 
who were still having attacks of pain, which we thought might be due 
to some outflow obstruction to the pancreatic duct system. Selection 
of these patients to me has always been very difficult. Alcohol, drugs, 
emotional overlay—these may be present, some or all of them, to 
confuse the picture; and I think this really has been the crux of the 
problem over the years. 

Our standard technical approach has been verv much like the one 
you have heard described just now. We expose the papilla trans- 
duodenally, and try to standardize on a 15 mm sphincteroplasty. 

. We have done several hundred of these operations at the Massa- 
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poorly understood. It is likely that the mechanisms 
of pain production involve a variety of neural and 
humoral influences. As these are being studied, the 
efficacy of ampullary septectomy should be tested by a 
controlled randomized trial in view of the encouraging 
preliminary results. 
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chusetts General Hospital. They have been done by many surgeons 
and it is not possible to completely standardize any procedure when 
itis done by many people. As much as possible, we have kept to a 
15 mm sphincteroplasty. 

And then we identify the opening of the duct of Wirsung, and we 
believe that it normally should admit a three millimeter dilator with- 
out difficulty. If it will not, we incise the septum, as Dr. Moody has 
described, and continue until it is at least three millimeter in diame- 
ter. We have not attacked that septum quite as vigorously as Dr. 
Moody has. 

We outline the pancreatic duct system, as he does, and as you 
know, sometimes the duct of Wirsung will not be the main drainage 
system. If it is not, we identify the papilla of the duct of Santorini, 
and do plastic procedure on it to provide an adequate lumen. 

We have had reasonable success with this over the years, but cer- 
tainly nowhere near 10026, and the difficulty of patient selection is 
still our greatest problem. 
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The retrograde endoscopic injection of the pancreatic duct, of 
course, has been helpful, and sometimes dictates an entirely differ- 
ent approach. 


Dr. WILLIAM P. LONGMIRE, Jr. (Los Angeles, California): Dr. 
Moody has proposed an interesting concept to account for intractable 
upper abdominal pain in certain patients whose pain cannot otherwise 
be explained. Certainly, it would seem logical to assume that a 
complex anatcmical and physiological mechanism such as the 
ampulla of Vater, which regulates the flow of two of our most 
important digestive secretions, might well be the origin of a variety of 
unpleasant symptoms when malfunction occurs. 

Symptoms suspected of being associated with dysfunction of the 
sphincter of Oddi may, of course, be related to the biliary system or to 
the pancreas. Ifthe pancreas is suspect, either on the basis of a history 
of elevated serum amylase or evidence of pancreatitis at operation, 
we have also divided the choledochopancreatic septum during the 
performance of a sphincteroplasty in a small number of patients. 

When perforraed in patients with so-called unexplained intractable 
abdominal pain, the high recurrence rate of symptoms following 
sphincteroplastv has emphasized the glaring lack of any specific, 
objective, preoperative diagnostic tests that we can use to select 
patients for this operation. 

In recent manths ERCP has been helpful in seeking objective 
evidence of sphincteric malfunction. One finding of importance, for 


example, is the location of a duodenal diverticulum intimately asso- - 


ciated with the sphincter area. A second finding is a very tight 
sphincter opening into which it is difficult to impossible to introduce 
the cannulating tip of the instrument. A third, as Dr. Moody has 
stated, is moderate dilatation of the biliary system of the duct of 
Wirsung, or both. And finally, still another finding of importance is 
the delay in emptying of the biliary tract when dye is intro- 
duced either through the scope or intravenously. 

Ín his presentation today Dr. Moody carries us one step further 
into this never-never land, in attempting to identify patients whose 
symptoms are related solely to pancreatic duct stenosis, and whose 
symptoms may be relieved by septectomy. 

I wish only to express the opinion that this operation must 
certainly be approached with caution because (1) there are still no 
reliable, specific preoperative diagnostic tests to identify most of the 
patients who might benefit from such a procedure, and secondly, 
despite the excellent results in Dr. Moody's skilled hands, this re- 
mains an operation that has serious hazards. 


Dr. Larry C. Cary (Columbus, Ohio): One of the questions that 
Dr. Moody has raised, and one that has been emphasized by the other 
discussants, is th» need to establish the diagnosis accurately, in order 
to properly select the patients that require this operation, or who are 
likely to benefit, from it. We have had a small experience in the last 
12 or 15 months at Ohio State, and I'd like to share just a bit of that 
with you. 

(Slide) These are the laboratory values in a group of 12 patients 
having exactly the operation you have heard described today. A 
significant number of patients have had elevated alkaline phospha- 
tases preoperatively, and I wonder if Dr. Moody has found that to be 
true in his experience. 

The Nardi test, that is, the administration of morphine and pros- 
tigmine, has been quite useful in reproducing the symptom complex, 
especially the pan that these patients have, and it's given us some 
encouragement that we're able to select patients who will benefit 
from the operation with some accuracy. 

Dr. Longmire emphasized that these operations do have some 
danger, and that's certainly been true in our experience. Seven pa- 
tients have had pancreatitis postoperatively. The majority have had 
just transient elevations in their amylase, with some abdominal pain, 
and I can emphasize the lack of severity of the pancreatitis by point- 
ing out that our postoperative average days' stay has been ten, which 
compares favorably with Dr. Moody's average of 12. 

Four patients have had one episode of postoperative cholangitis, 
all of which have been mild. There have been no recurrences after the 
first episode. In reviewing these data, the complication rate in these 
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12 patients is about two thirds, albeit that most of the complications 
have been relatively mild. 

(Slide) The response to the Nardi test has bie interesting because 
in the six patients with positive responses in the nine upon whom 
the test was done, five developed postoperative pancreatitis. In those 
who had negative responses, only one developed postoperative 
pancreatitis. 

(Slide) Ten of our patients have been totally relieved of symptoms, 
and have had no further attacks of pain, and nolonger require medica- 
tion. One still required an occasional non-narcotic analgesic, and in 
one it's a little early for us to be sure about the outcome. 

Td like to ask Dr. Moody a couple of questions. If such a coopera- 
tive study were to evolve, Dr. Moody, how would you suggest the 
patients be selected? Have you done biliary manometrics on these 
patients, and do you think they would be useful in helping to select 
the patients that might benefit? And finally, have you put a T-tube in 
the common duct in your patients? 


Dr. THOMAS TAYLOR WHITE (Seattle, Washington): The questions 
which I see being asked today are, first of all, is the pain due to pancre- 
atitis? Only about 15-20% of patients I see who are sent to me with 
this type of postcholecystectomy pain actually have pancreatitis at 
all. Secondly, and perhaps most important of all of us, is it real, or is 
this something imaginary, related to drugs, psyche, or something 


. else? And thirdly, is it due to sphincteric spasm, stricture, or an 


undemonstrated common bile duct stone which we can't see on any 
of our tests? 

While all these questions are difficult to document, as Dr. Moody 
has pointed out, we have found that there are three methods which 
are of some use, and may perhaps be of some value, if we are going 
to evaluate these patients better. First of all, Dr. Cary just men- 
tioned the Nardi Test. I use a variation of this, which consists of giv- 
ing secretin, and measuring amylase, lipase, alkaline phosphatase, 
and bilirubin, one and four hours after the administration of the drug 
intravenously. If one or more of these parameters is elevated, we 
have the documentation needed to approach the patient in a proper 
fashion. 

Secondly, if tests of this nature are completely negative, what 
we have been doing for some years, in patients who have real pain, 
is to ask the anesthetist to do celiac and intercostal blocks on the 
patient. The patients who have negative intercostal blocks and posi- 
tive celiac ganglion blocks sometimes really do have something 
which is wrong with them; and there's another documentation. 

The third approach, the one at the operating table referred to by 
Dr. Cary, is one of doing manometry. I first noted an elevation of 
pressure about fifteen years ago, when I put a clear plastic tube into 
the cystic duct of a patient who has been repeatedly seen by various 
physicians, and with all test forms to be normal. As soon as the cathe- 
ter was tied in place, the bile ran up to 31 cm above the bile duct, 
documenting biliary hypertension. 

It's not always this dramatic, but a biliary pressure of 16 cm or 
more, and certainly 20 cm or more, and a reduced flow, will indicate 
increased resistance at the sphincter, and give us documentation 
which people can hang their hat on. 

Finally, I believe that the reduced pancreatic pressure which Frank 
mentions after he has done a septoplasty is, in fact, due to the fact 
that he's made the hole bigger, he's put a No. 5 French catheter in 


_ a hole which was tight at first, and loose later, and the pancreatic juice 
runs around it afterwards. I've seen this happen repeatedly. 


Lastly, another problem of doing a septectomy lies in the fact that 
the pancreatic duct isn't always in the same place, such as is illus- 
trated in his illustration. It may be deep within the sphincter, ad- 
jacent to the bile duct way out at the tip of the papilla, or it may be 
two or three centimeters higher up in the duodenum. It's practical to 
do this operation in only about two thirds of patients. 


DR. KENNETH W. WARREN (Boston, Massachusetts): I think the 
fact that Dr. Moody has reported a small series here, and that they're 
carefully studied, is the most important aspect of this presentation. 

A central theme has run through the discussion, and I certainly 
would support it and that is the difficulty of deciding whether or 
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not this patient really has any fibrosis or scarring or increased 
pressure in the duct. 

As all of you know, for many, many years we have done sphinc- 
teroplasties on both the common bile duct and the duct of Wirsung, 
and it was only after we started doing something directly on the duct 
of Wirsung that our results improved when we used this method in 
treating chronic pancreatitis, or, indeed, even iri fibrosis of the sphinc- 
ter of Oddi. 

The definition of this disease is something like the definition of 
philosophy. It's like a blind man in a dark room looking for a black cat 
when the black cat isn't there. 

It is easy to make this presumption, and I've made it, I'm sure, 
when it didn't exist; but I think there is a real place for this procedure. 
The way Dr. Moody has performed it is important, because it must be 
a rather substantial sphincteroplasty, with the removal of the sep- 
tum, or division of the septum. 

I think it is certainly difficult to do manometric pressures after 
you have divided the sphincter. 1 think if you're going to do that, 
you're going to have to reinsert the catheter, or some type of method 

. (a catheter that has a balloon on it, perhaps) so that you are sure that 
you are measuring the precise pressüre. i 

On the other hand, it probably is not necessary when the sphinc- 
teroplasty is done on the duct of Wirsung. Generally, a gush of pan- 
creatic secretion ensues. Very often it has a little calcium in it, or 
some debris; and I do feel that there’s a place for this. But the diffi- 
culty, as Dr. Longmire emphasized, is how you identify this place. 

Something I have added to this procedure in recent years, I think, 
is most helpful; and that is, once I remove this septum, I insert a 
No. 5 or No. 6 ureteral catheter, bring it out of the stab wound in the 
duodenum, separate from duodenotomy, and use that as a vent for 
five or six weeks, until this area has healed. 

I happen to be one who does not subscribe to having studies 
such as this done in 15 or 20 different centers, for the reason that 
Dr. Bartlett said: It’s difficult enough in his own great institution to 
see that these are done in the same way. 


Dr. FRANK G. Moopy (Closing discussion): I'm indebted to Dr's. 
Bartlett and Nardi for the idea of excising the transampullary sep- 
tum in this population of patients. I'd like to comment on the prob- 
lem of how to assess the size of the opening of the duct of Wirsung. 
If it will not admit the smallest lacrimal probe, then it surely is coni- 
promised by scar. Many of the pancreatic ducts in this series would 
admit a three millimeter probe, and therefore were not compromised 
by this measurement. Why these patients should have resistance to 
flow through this sized opening is difficult to explain. 

Dr. Longmire brought out some very important points as regards 
ERCP. We have used it in the past two arid one-half years, and have 
the general impression that if we can't get a pancreatogram by this 
means that we probably are dealing with an abnormal papilla. Usually 
the catheter wants to slip into the pancreatic duct, but it's difficult 
to get it into the bile duct. f 

Dr. Cary reminds me that this, indeed, is a multi-sphincter disease. 
These people invariably have symptoms of spastic colon. Many of 
them have had problems at the esophagogastric junction, and also at 
the pylorus, and some of them have peptic ulcer disease. I think that’s 
very important to keep in mind. 
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It wasn't clear from Dr. Cary's presentation whether he, indeed, 
did the septectomy. I'd just like to say that, in our concept, we think 
that's where the problem is. We don't know if this is pain from ob- 
struction to the outflow of pancreatic juice or not. I rather suspect 
that it probably is not, because in only two of the 12 patients that we 
injected with secretin were we able to reproduce the pain. And I 


- think that's a very important negative observation. 


As regards biliary manometrics, what we've learned over the past 
three or four years, working with primates (we're working with 
rhesus monkeys and baboons on this problem) is that there seems 
to be no communication between the bile duct and the pancreatic 
duct as regards pressures. We can run the pressures up in either 
system, and it doesn't reflux in the other system, even though they 
are connected anatomically in this species. So apparently the septum 
acts as a sort of flap valve, and I don't believe that biliary manomet- 
rics would really help us very much in identifying problems in this 
patient population. Yes, three patients did have an elevation of the 
alkaline phosphatase, and we couldn't really relate that to anything 
unusual in the papilla, except for the stenosis that we felt was around 
the opening of the duct of Wirsung. 

Dr. White asked: Is it a real disease? I think we have to ask our- 
selves that, and it's certainly à question that my residents ask all the 
time, when these patients come in. As a matter of fact, they think I'm 
pushing an operation that's looking for a disease. And it sort of looks 
like that, because there really are no objective findings, and the only 
numbers that I have are the ones that are related to the change in 


_ the pressure. 


Tom, we measure this pressure by inserting the catheter, or the 
needle, proximal to the opening, not through the opening; so, indeed, 
we are measuring the resistance across the opening of the duct of 
Wirsung. And it is difficult to make the snip, and not make it so far 
that you cut up into where the catheter is. But the snip clearly gives 
a gush of pancreatic juice, and the pressures drop. 

In two patients the pressures didn't drop. One had a good result, 
and one had a fair result. The two patients that had a marked drop in 
pressure fell into the poor group. So I don't know what the pressures 
are going to mean over the long run. 

As regards sphincter spasm, we're studying this in the opossum, 
which is a handy creature because the sphincter of Oddi is outisde of 
the duodenum, and we can place electrodes into this, and we can 
measure entrainment and spike potentials as they relate to gallbladder 
evacuation, flow through the bile duct, and also duodenal contrac- 
tion. So we're starting to get à little bit of a fix on the motility aspect 
of this problem. 

Dr. Warren mentioned his experience with this particular pro- 
cedure, and he didn’t mention the number. I’m glad he didn’t; it 
would have been embarrassing, because it’s huge. He’s done this 
many times. I’m not sure whether he's done it on patients that have 
been quite as mysterious, and lack objective findings, as the patent 
population that we have worked on. 

As regards putting a ureteral catheter up into the duct of Wasting: 
he sort of likes tó get tubes into most orifices and leave them there 
for a while. I'd be reluctant to do that, because I think that might 
lead to further inflammation, injury, and fibrosis in the area. But 
apparently it works, because he's getting some pretty good results 
with it. 


The Impact of 1,000 Renal Transplants at One Center 


OSCAR SALVATIERRA, JR., M.D., NICHOLAS J. FEDUSKA, M.D., KENT C. COCHRUM, D.V.M., JOHN S. NAJARIAN, 
M.D.,* SAMUEL L. KOUNTZ, M.D.,T FOLKERT O. BELZER, M.D.t | 


À large, comprehensive renal transplant program has a major 
impact not only on patient care, but also on the medical center 
itself and the larger community. The program at this center 
has advanced from 15 transplants in 1964 to 141 transplants 
in 1976. Fifty-nine per cent of patients transplanted have 
functioning kidneys at this time, including 76 children. 
Rehabilitation was equal to prerenal disease level in 91% of 
169 recipients who lived five years with a functioning graft. 
Basic research in such diverse areas as renal preservation and 
immunology, as well as clinical research in optimum immuno- 
suppressive therapy, resulted in significant contributions. Re- 
finement of the mixed lymphocyte culture improved living- 
related graft survival at two years: 100% for HLA-identical 
and 91% for non-HLA-identical grafts, compared to 66% re- 
ported by the Transplant Registry for the combined group. 
Modification of immunosuppression improved patient survival 
at two years: 100% and 86% for recipients of living-related 
and cadaver grafts, respectively, compared to 83% and 65% re- 
ported by the Transplant Registry. The complexity of care of 
the patient with end-stage renal failure has required active 
interaction between transplant surgeons and almost every 
major specialty. The vast clinical material has been a great 
asset for training transplant surgeons, nephrologists, fellows 
and residents of multiple specialties, and medical students. The 
medical center's relationship with communities within a 250 
mile radius has been strengthened, as reflected in patient refer- 
rals and the development of a multi-community-supported 
organ procurement system, which has allowed us to perform 
‘over 100 cadaver transplants per year for the past three years. 
Thus the performance of 1,000 renal transplants at 
this center has resulted not only in rehabilitation of many renal 
failure patientt, but also in expanded and improved research 
and teaching capabilities, bringing support from multiple 
medical disciplines and the general community. 


HE FIRST RENAL TRANSPLANT at the University of 

California, San Francisco, was performed in 
January, 1964 by Dr. John Najarian. Thirteen years 
later in mid-January 1977, the one thousandth renal 
transplant was performed at this center. This large 
comprehensive renal transplant program has had a 
major impact not only on patient care, but also on the 
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medical center itself and the larger community. Fifty- 
nine per cent of patients transplanted have functioning 
kidneys at this time, including 76 children. The per- 
formance of 1000 renal transplants at this center has 
not only resulted in rehabilitation of many renal 
failure patients, but also in expanded and improved 
research and teaching cababilities, bringing support 
from multiple medical disciplines and the general com- 
munity. 


Materials and Methods 


The results of 1000 consecutive renal allografts per- 
formed at the University of California, San Francisco 
since January, 1964 have been tabulated and analyzed. 
The clinical experience in transplantation was divided 
into two time periods based on the temporal relation- 
ship to uniform preservation of all cadaver kidneys 
by hypothermic pulsatile perfusion. Thus transplants 
performed from 1964 to 1967 are considered as a sepa- 
rate group from transplants performed since 1968, 
when all cadaver kidneys were uniformly stored by 
perfusion preservation. 

Graft and patient survival curves for transplants 
performed since 1968 were calculated by actuarial 
methods.!? Graft loss is calculated on the basis of the 
date of transplant nephrectomy or, in cases of retained 
failed grafts, the date that the patient was returned to 
maintenance dialysis. Graft loss also includes death of 
a patient from any cause. The data on patient 
survival includes all deaths occurring within three 
months after transplant nephrectomy and reinstitution 
of maintenance dialysis, and in addition, any subse- 
quent deaths which may have had any relationship 
to the transplant. 

In computing patient survival, individuals who 
receive retransplants of a different donor source were 
withdrawn alive from the analysis of the previous 
donor source at the time of retransplantation, and 
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then subsequently included as of the date of retrans- 
plantation in analysis with the new donor source. 

The rehabilitation status of all patients who survived 
five years or longer with functioning grafts was sys- 
tematically reviewed and assessed. Pertinent data of 
patient status at five years post-transplantation was 
derived from patient, family, medical records, and 
staff caring for the patient at that time. Patients 
were considered to have been rehabilitated if they were 
able to both physically and psychologically lead active 
lives that included tasks identical or perceived as 
equivalent to those in which they had engaged prior 
to the onset of renal failure. 

In evaluating the results of basic and clinical re- 
search such as the mixed lymphocyte culture, optimum 
immunosuppressive therapy, influence of presensitiza- 
tion on graft survival, effect of HLA match grade on 
primary cadaver graft survival, graft and patient sur- 
vival results pertinent to these studies are separately 
analyzed and reported. 

The impact of the transplant program on the medical 
center itself and training, as well as the medical 
center’s relationship with communities in northern 
California are evaluated and discussed separately. 


Results 


The 1000 renal transplants were performed in 862 
patients (485 male and 377 female). Figure 1 outlines 
the number of transplants performed by year and donor 
source. Fifteen transplants were performed in 1964 
while 141 transplants were carried out in 1976. Of the 
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1000 transplants, 279 were from living related donor 
sources, 17 from living unrelated donors, and 704 from 
cadaver donors. The ages of the 862 recipients at the 
time of their initial transplant ranged from 18 months 
to 60 years (Table 1). Fifty-nine per cent of patients 
transplanted (506/862) presently have functioning 
grafts. Seventy-six of these recipients were children at 
the time of transplantation. 


Graft and Patient Survival 


From 1964 through 1967, 83 transplants were per- 
formed in 72 patients. The results without exclusion 
and 100% followup during this early pioneering phase 
of the program are summarized in Table 2. 

A total of 17 unrelated donors were utilized through 
1971, with three of these recipients presently alive with 
normal renal function. These were primarily performed 
at a time when availability of donor kidneys was low 


. compared to patient need. 


TABLE 1. Áge of Recipients at First Transplant 





Donor Source 





Age Cadaver Living Total 

1-10 22 23 45 

11-20 73 48 121 
21-30 . 133 104 237 
31-40 147 58 205 
41-50 154 35 189 
51-60 57 8 65 
Total 586 276 862 
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TABLE 2. 7964—1967 Transplant Experience 


Kidney Donor Source Number 
Living related 66 
Living unrelated ‘ 7 
Cadaver 10 

Total 83 

Patient Status 

ive 
With living related graft 27 
With living unrelated graft i 
Without graft 5 
With new graft after 1967 3 
Expired 36 
Total 72 


‘Graft and patient survival was separately evaluated 
on all living-related and cadaver transplants carried 
out since January, 1968, without exclusions, and with 
a minimum of three months followup on the last 
patient entered into the survival determinations. Figure 
2 demonstrates graft survival from living related donor 
sources. The only HLA identical graft loss resulted 
from recipient death in an auto accident almost three 
years after transplantation (creatinine 1.1 mg%). 

Graft survival of 677 first, second and third cadaver 
transplants performed since 1968 is shown in Figure 3. 
Forty per cent five-year graft survival was achieved in 
primary cadaver transplantation. There were four 
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fourth cadaver transplants that are not separately | 
shown in Figure 3 and that did not achieve one year 
graft survival. There was one single fifth transplant 
with normal function at time of the recipient's death . 
two years after transplantation. à l 
Overall patient survival among recipients of living- 
related and cadaver grafts since 1968 is illustrated in 
Figure 4. Improved patient survival attained since 1972 
is later discussed. l 


Rehabilitation 


Assessment of the degree of rehabilitation in patients 
with long-term functioning grafts was evaluated in 169 
recipients who lived five years with a functioning graft. 
Functioning transplants in these patients represented 
106 living-related grafts, 60 cadaver grafts, and three 
living-unrelated grafts. Eighteen of these five-year sur- 
viving kidneys represented re-transplants. The serum 
creatinine at five years was 2 mg% or less in all but 
16 of the 169 recipients (eight living-related and eight 
cadaver). Figure 5 illustrates that satisfactory rehabili- 
tation of patients with long-term functioning trans- 
plants is generally achieved. 

The two longest survivors with functioning living- 
related grafts (almost 13 years) were 15 years and 48 
years at the time of transplantation. Both of these 
recipients have normal renal function and have been 
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fully rehabilitated without medical problems. The two 
longest survivors of cadaveric transplantation (nine 
years) were four years and 16 years of age at the time 
of transplantation. The first recipient underwent trans- 
plantation after bilateral nephrectomy and pulmonary 
resection for extensive Wilms tumor with pulmonary 
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metastasis, unresponsive to irradiation and chemo- 
therapy. This patient is doing well with normal renal 
function and without tumor recurrence. The second 
recipient also has normal renal function and is em- 
ployed full-time after completing college. Another. ex- 
ample of rehabilitation potential is the birth of eight 
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normal children by female transplant recipients, in- 
cluding a set of twins. In addition, many male re- 
cipients have now fathered children. 


Transplantation in Systemic Diseases 


The etiology of renal failure in our series is similar 
to that reported by the Transplant Registry.1 During 
recent years, however, there has been an increased 
incidence of transplantation in patients with systemic 
diseases. For example, 10 patients with systemic lupus 
erythematosus have received kidneys and are alive at 
least one year after transplantation, eight with excel- 
lent renal function (three living-related and five 
cadaver grafts). The overall results with insulin- 
dependent juvenile diabetics, however, have not been 
as encouraging. Of 43 patients, nine are recipients of 
living-related grafts and are alive, with excellent 
rehabilitation and normal functioning grafts. Of 34 
recipients of cadaveric grafts, one year patient survival 
is 75% while one year graft survival is only 32%. The 
diabetic recipients of cadaver grafts have generally re- 
flected the highest risk transplant patients and the 
mortality in part reflects progression of advanced 
vascular disease present at the time of transplanta- 
tion. 

In patients with systemic lupus erythematosus and 
diabetes mellitus, recurrent disease in the allograft has 
not been evident, except in one patient. This is a 40- 
year-old diabetic recipient of a cadaver graft, with a 
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creatinine of 0.8 mg% whose renal biopsy at 26 months 
shows diffuse intercapillary glomerulosclerosis with 
occasional nodular formation, and with afferent and 
efferent glomerular arteriolar subintimal hyaline 
depositions, suggesting recurrent Kimmelstiel-Wilson 
disease. 


Basic and Clinical Research 


In addition to the survival and rehabilitation achieved 
with clinical transplantation, concurrent basic and 
clinical research has been an important and integral 
facet of the transplant program. Research at this and 


other institutions has resulted in better understanding ` 


of the pathophysiology of transplantation. A brief de- 
scription of some basic and clinical research carried out 
at this institution is presented, demonstrating its in- 
fluence on improving patient and graft survival and 
the ability of our center to accommodate to increased 
regional demand for transplantation. 


Morphologic Investigation of Pathologic Changes in 
Renal Homotransplantation 


Two of the earliest studies investigating the morpho- 
logic changes occurring in renal homotransplantation 
were performed at this institution?! and involved 
light, fluorescent, and electron-microscopic studies of 
functioning renal homotransplants. Difficulty was 
demonstrated even then in distinguishing histologic 
changes of rejection from a stable clinical course. For 
this reason renal biopsies have not been used to 
diagnose rejection, except in unusual circumstances. 
In addition to the clinical manifestations of rejection, 
hippurate renal scintiphotography with its simplicity 
and safety has instead proved to be the principal 
method of graft evaluation.?: 


Development and Successful Use of Perfusion Preser- 


. Vation 


The development of successful pulsatile perfusion 
preservation of canine kidneys was initially reported 
from this institution.? Subsequently, the first clinical 
application of perfusion preservation in the storage of a 
transplanted cadaver kidney was carried out in August, 
1967.3 Since 1968, all cadaver kidneys procured by our 
transplant team have been uniformly preserved by con- 
tinuous preservation with cryoprecipitated plasma, 
initiated immediately after cadaver donor nephrec- 
tomy. With this method of preservation, we have suc- 
cessfully used even suboptimal donors (donors with 
serum creatinines as high as twice normal), and 
thereby greatly increased our pool of available kidneys. 
No nonviable kidneys have been transplanted in a con- 
secutive series of more than 700 cadaver kidneys 
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harvested by this institution." The incidence of post- 
transplant dialysis for acute tubular necrosis has been 
24% (mean: three dialyses per patient dialysed). No 
contaminated kidneys have been transplanted and 
wound infections have been infrequent. Other techni- 
cal complications relating to procurement and preser- 
vation methods have been minimal; e.g. primary ure- 
teral leaks are less than one per cent.’® The paucity of 
these problems has allowed us to perform more than 
100 cadaver transplants per year for the past three 
years. In addition, the absence of strict time con- 
straints between procurement and transplantation has 
permitted semi-elective surgery, a major factor in the 
growth of our program and present transplant 
capability. Even a sudden influx of a large number of 
cadaver organs has been effectively managed. 


Pharmacological Management of Donors 


In 1966 mannitol diuresis was shown to be extremely 
important in protecting the living-related donor kidney 
from acute tubular necrosis.1! Tubular necrosis has 
since been effectively eliminated in the living-related 
postoperative course, and for the past six years not 
a single living-related recipient has required dialysis 
for this condition. 

Our initial results with hyporthermic pulsatile 
perfusion preservation in non-heart-beating cadavers 
were disappointing as far as immediate renal function 
post-transplantation was concerned. Subsequent studies 
in the laboratory revealed the influence and detrimental 
effects of agonal renal vasospasm and it was demon- 
strated that renal vasospasm could be completely pre- 
vented by alpha adrenergic blockade prior to cardiac 
arrest. Since 1968, all cadaver donors have been pre- 
treated with either phenoxybenzamine or phentolamine, 
which has contributed to a marked improvement in im- 
mediate function rate of cadaver grafts. 


Hemodynamic Evaluation of Human Renal Allografts 


The first study evaluating renal hemodynamics 
following human transplantation was carried out at this 
institution by means of catheters placed in the 
transplanted renal artery and vein and exteriorized into 
the anterior abdominal wall? Initial measurement of 
renal hemodynamics was begun within three hours 
after transplantation and followed through up to two 
weeks following transplantation. This pioneering study 
showed that marked vasodilatation and a low filtration 
fraction were frequently characteristic of uncompli- 
cated renal transplantation and that early rejection was 
expressed by measurable decreases in the clearance of 
PAH and Inulin despite maintenance of renal blood 
flow. 
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Correlation Between Mixed Lymphocyte Culture Stim- 
ulation and Graft Survival 


Refinement of the two-way mixed lymphocyte culture 
(MLC) and its prospective application has improved 
living-related graft survival at two years’ to 100% for 
HLA-identical pairs (n = 35) and 91% for non-HLA- 
identical grafts (n = 82), compared to a combined 66% 
two-year survival reported by the Transplant Registry 
for both HLA-identical and non-identical living-related 
grafts.! The 91% graft survival for non-HLA-identical 
grafts, prospectively selected by MLC, compares to a 
previous two-year graft survival of 63% (n = 89) in non- 
HLA-identical grafts transplanted at this center (p 
« 0.001). With living-related recipients currently doing 
so well, management of these patients has been 
greatly simplified. 

Since MLC testing in its present form requires five 
days incubation for quantitation of DNA synthesis, 
its prospective use in selection of cadaveric donor- 
recipient pairs is precluded. However, its retrospec- 
tive use did demonstrate a positive correlation between 
the degree of MLC stimulation and graft survival in 
unrelated donor-recipient pairs. Two-year cadaveric 
graft survival with low MLC stimulation was 7096 (n 
= 115), while graft survival was only 24% (n= 105) 
with high MLC stimulation (p « 0.001). Prospective ap- 
plication of the MLC to cadaver renal transplantation 
will have to await development of longer consistent 
methods of renal preservation, a shorter reliable MLC 
test, or further elaboration in matching at the D locus, 
which is presently being carried out at this and other 
centers. 


Development of a 39-Hour Lymphokine Indicator Test 
as Another Means of Histocompatibility Testing 


We have recently reported our preliminary results 
utilizing a lymphokine indicator test measuring leuko- 
cyte inhibitory factors (LIF) as a means of histocom- 
patibility matching. Twelve one haplotype-matched 
LIF-negative living-related grafts have been trans- 
planted and all grafts are functioning normally 6—15 
months after transplantation. 

In cadaveric recipients at risk 6—15 months, graft 
survival in the LIF-negative group has been 75% (n 
— 16), while the LIF-positive pairs had an overall 
graft survival of 4596 (n — 22). Of particular interest 
has been an 8796 graft survival in LIF-negative and 
low MLC donor-recipient pairs, and a 2096 graft sur- 
vival in pairs with positive LIF and high MLCs. 

We are continuing our evaluation of the LIF test 
as a histocompatibility niarker and are currently 
transplanting living-related pairs with high MLC reac- 
tions and negative LIF results. We anticipate that we 
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may be able to additionally select out living-related 
‘pairs with predictably good results, although not in 
the category achieved by low MLC stimulation. 

By providing the most optimally matched donor pos- 
sible for each recipient, whether the donor is living- 
related or cadaver, further improvement of overall pa- 
tient and graft survival should be obtained. 


Improved Patient Survival by Modification of Immuno- 
suppressive Therapy 


Since September, 1972 additional emphasis has been 
placed upon improving patient survival, principally 
accomplished by abolishing prolonged high-dose im- 
munosuppressive therapy after transplantation. 20 The 
results show that with low immunosuppression, pa- 
tient survival has markedly improved without impairing 
graft survival. Since September, 1972, two-year patient 
survival of recipients of living-related grafts has been 
. 100%, and, subsequently, only two recipients of living- 

related grafts have died: one recipient of an HLA- 
identical graft died at 34 months with normal renal 
- function in an auto accident, while one recipient of a 
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non-HLA identical graft died at 30 months with normal 
renal function from chronic active hepatitis. Patient 
survival for recipients of cadaver grafts (includes 
recipients of multiple cadaver grafts) was determined 
for three time periods (Fig. 6). Patient survival in 
the group transplanted since September 1972 shows 
marked improvement over those recipients of cadaver 
grafts before then (p « 0.005). Primary cadaver re- 
cipient patient survival at two and four years as re- 
ported by the latest Transplant Registry is 65% and 
5596, respectively.! 

The foremost reason for improved patient survival 
in patients transplanted since 1972 is a marked de- 
crease in death from infection. However, because of 
increased transplantation in higher risk patients, such 
as insulin-dependent juvenile diabetics and older pa- 
tients, there has been some increase in mortality from 
cardiovascular causes. Nevertheless, the quality of life 
of the cadaver graft recipient has been enhanced and 
management of these patients has been greatly facili- 
tated. Because of decreased mortality and side effects 
from steroids, an incréasing number of patients are 
being referred for cadaveric transplantation. 


—— 1/68 - 12/76, N=601 
».... 1/68 - 8/72, N=185 


Se — — 9/72 - 12/76, N=416 

29 j 

a l 

< 86% 

= ~e 

> ~. 84% . 84% 

e... 82% 

S 

z ~’ s Fic. 6. Patient Survival, 
LEJ e 77% Cadaver Recipients. 
pem ——— 

d e. 

a. 24545 





YEARS 


Vol. 186 e No. 4 


Fic. 7. Primary Cadaver 
Transplants, 1968-1976, 567 
Total. 


GRAFT SURVIVAL (96). 


RENAL TRANSPLANTS 






431 


— 3 MATCH, N=41 
—— 2 MATCH, N=146 
1 MATCH, N=258 





woes O MATCH, N=120 


(4 MATCH, N=2: 1 LOST 
1st MONTH and 1 FUNCTIONING 
AT 36 MONTHS) 






. 
"tee... 

* 
— . l 
—79——-9-.—. 9— — 9 — — 9 — — 


. i Ue... e... 











Influence of HLA Match Grade on Cadaver Renal 
Allograft Survival 


An updated analysis of 567 consecutive primary 
cadaver renal transplants performed since 1968 in our 
heterogeneous northern California population has con- 
tinued to show no influence of HLA match grade on 
renal allograft survival (Fig. 7).5!? Mismatches and 
matches of specific antigens, cross reacting groups 
of antigens and effect of match at both locus A and B 
have been evaluated. There has been no significant 
effect on graft survival except when mismatches 
against donor A2 occured, with 26% two-year graft 
survival in the mismatched group compared to a 5196 
two-year graft survival in the no mismatch group (p 
« 0.005). 

These results have allowed us to use almost all 
organs procured by our own transplant team to meet 
the increasing needs for cadaveric transplantation in 
our geographic region. Organs have been shared when 
no cross-match and ABO-compatible recipients are 
available locally. l 


The Influence of Hyperimmunization on Graft Survival 


Graft survival rate has been evaluated in hyperim- 
munized recipients with greater than 50% frequency of 
preformed antibodies to selected panel cells.®!8 This 
includes recipients of primary cadaver grafts, sec- 


YEARS 


ondary cadaver grafts, and living-related grafts. Our 
results indicate that good graft survival can be ob- 
tained in hyperimmunized recipients of primary 
cadaver renal allografts (p < 0.05 when compared to 
non-hyperimmunized cadaver graft recipients) (Fig. 8). 
However, sensitization following rejection of an al- 
lograft appears to confer a less favorable prognosis. 
In 18 hyperimmunized recipients of secondary 
cadaver grafts, only six grafts are surviving after six 
months and only four have survived one year (two with 
normal renal function). 

Since the number of sensitized patierits who await 
renal transplantation is increasing, there should be no 
hesitation in proceeding with transplantation with 
primary grafts, but à guarded prognosis must be main- 
tained for hyperimmunized recipients of secondary 
cadaver grafts. 


Evaluation of Immunosuppressive Potency of Anti- 
Human Thymocyte Globulin 


Immunosuppressive potency of rabbit anti-human 
thymocyte globulin (RAHTG) was evaluated as an 
adjunctive immunosuppressive agent in 100 recipients 
of primary cadaver renal allografts.! This study was 
performed in a prospective, double blind, controlled 
fashion. In the low dose utilized, RAHTG was demon- 
strated to have an immunosuppressive potency that 
decreased the number of rejection episodes (p « 0.05) 
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and prolonged the interval between transplantation 
and the first rejection episode (p < 0.005). However 
at one year, no difference in graft survival between 
the ATG treated and control groups was found. Data 
describing the donor and recipient clinical course were 
reported at our institution and sent to the National 
Naval Medical Research Institute for independent 
processing and evaluation. The early immunosuppres- 
sive effect shown by the relative low dosage of RAHTG 
indicates the need for additional trials with dose regi- 
mens based on immunologic monitoring. 


Renal Transplantation without Diversion in Patients 
with Abnormal Lower Urinary Tracts 


Controversy exists as to whether or not native 
urinary bladders are adequate receptacles for the 
transplanted ureter in renal failure patients with ab- 
normal lower urinary tracts. Published reports appear 
to favor renal transplantation with external urinary 
diversion. Twelve consecutive patients with abnormal 
lower urinary tracts (spinal cord injuries and meningo- 
myelocoeles not transplanted) have undergone renal 
transplantation with successful rehabilitation of the 
urinary bladder. This group includes long term de- 
functionalized and small-capacity bladders, i.e. 10 
ce’s. The results have indicated that optimum re- 
habilitation without urinary diversion of the trans- 
planted ureter can be obtained if certain principles 
of evaluation and management are carried out. 


Impact on Medical Center and Training 


The complexity of care of the end-stage renal failure 
patient has required active interaction between trans- 
plant surgeons and almost every mejor medical 
specialty. On our Transplant Service, there is full 
time participation arid commitment by general surgery, 
urology, nephrology, and clinical pharmacology, 
representing total integration of surgical and medical 
disciplines on one team in the management of renal 
failure patients. This includes full-time specialty 
participation and interaction at both the attending and 


house staff level. Thus optimum patient management „s 


has been achieved by this cooperative and multi- 
disciplinary approach. In addition, the transplant 
surgeon has actively interacted with other major sub- 
specialty areas such as orthopedics, neurology and 
neurosurgery, infectious disease, hematology, car- 
diology, psychiatry, radiology, pathology, pediatrics. 
For example, 53 hip arthroplasties for aseptic necro- 
sis have been performed by the orthopedic service on 
transplant recipients. 


Medical Education 


Eight transplant surgery fellowships have been com- 
pleted at this institution, with five transplant surgeons 
now heading transplantation programs. In addition, 
three former attending transplant surgeons at this 
institution are presently chairmen of surgical depart- 
ments with active transplantation programs. 
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Nineteen nephrology fellows have had extensive 
rotations on the Transplant Service fulfilling transplant 
training requirements for their fellowships. 

The vast clinical material available on the Trans- 
plant Service has been a great asset not only for 
training of transplant surgeons and nephrologists, 
but also for residents of multiple specialties and medi- 
cal students. The subspecialties enumerated above 
have by their interaction with the Transplant Service 
also exposed their own house staff and medical 
students to the varied diseases and pathological 
processes in the patient material. For example, 
transplantation has made it possible to treat and 
further assess the natural course of the insulin- 
dependent juvenile diabetic who previously succumbed 
to his illness when end-stage renal failure occurred. 
Optimum therapy of the diabetic with renal failure 
has involved not only the transplant surgeon and 
nephrologist, but the endocrinologist, ophthalmolo- 
gist, neurologist, and vascular surgeon. 


Enhancement of the Medical Center's Relationships 
with Surrounding Communities 


The Medical Center's relationship with communities 
within a 250 mile radius has been strengthened, 
as reflected in increased patient referral and. the 
development of a multi-community-supported organ 
procurement system which has allowed us to perform 
more than 100 cadaver transplants per year for the 

` past three years. In order to treat as many patients 
with end-stage renal disease in our geographic area 
as possible, we have attempted to insure an adequate 
supply of cadaver organs by developing our own donor 
sources. The response from community hospitals, and 
also community-supported organizations such as the 
Kidney Foundation and local procurement agencies, 
has been an important stimulus to active participation 
by the various hospitals. Our transplant team has now 
traveled to 82 different community hospitals in 
northern California and Nevada to procure kidneys, 
and in most instances these hospitals have provided 
us with multiple kidney donors. 

Thirty-two private dialysis facilities use our center as 
an outlet for transplantations, and an average of 250 
patients are maintained on our cadaver waiting list. 

There has also been extensive inter-institutional 
cooperation, as exemplified by the relationship with the 
Stanford University Cardiac Transplant Service. Mem- 
bers of the UCSF Renal Transplant Service have par- 
ticipated in joint procurement operations in almost all 
instances of cardiectomy for cardiac transplantation at 
Stanford University. These combined procurements 
have consistently yielded kidneys of excellent physio- 
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logical potential, demonstrating the feasability of this 
practice, in spite of the fact that cardiectomy for 
transplantation precedes retrieval of the kidneys, and 
special requirements of the donor heart necessitate 
some modifications in the pharmacologic management 
of the donor. 

Active lobbying efforts by transplant surgeons, ne- 
phrologists and neurosurgeons from this and other 
institutions in California have eventually resulted 
in the enactment of two important laws in this 


state. Legislation was enacted in late 1974 stating 


that à patient can be declared dead if by usual and 
customary standards of medical practice, irreversible 
cessation of brain function has occurred. The im- 
portant aspect of this legislation was that it was the 
first of its kind recognizing the concept of ‘‘brain 
death” without attempting to define it. The legal 
recognition that a person can be dead, although his 
circulatory and respiratory systems are temporarily 
maintained by artificial means, was of great im- 
portance to organ transplantation in California. The 
California statute of 1974 is the first brief, simple 
statement acknowledging ‘‘brain death", similar to the 
one that was subsequently adopted by the House of 
Delegates of the American Bar Association in 1975.” 

The second law, as in other states, was driver's 
license legislation enacted in 1976. Thus with applica- 
tion for a new or renewed driver's license, the appli- 
cant will be given the opportunity to indicate prefer- 
ences for use of his organs for transplantation at 
the time of death. Although this legislation actually 
links donor identification to the driver's license, this 
law probably has its greatest potential in increasing 
public awareness to the need for organ donation. 
In order to enhance public awareness of the new law 
allowing Californians to place on the back of their 
driver's license consent of an anatomic gift, the 
transplant staff at this institution has also been active 
with other state transplant surgeons and interested 
laymen in providing informational brochures in field 
offices of the State Department of Motor Vehicles, 
stimulation of media coverage of the new law and of 
the need for donors in general, and the development 
of billboard and poster materials to inform Californians 
of the new law. 

Another important consideration in enhancing the 
medical center's interaction with northern California 
communities has been the willing and active participa- 
tion of the transplant staff in community hospital and 
lay public education programs. 
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DISCUSSION 


PRorEssoR LARS-ERIK GELIN (Sweden): The pioneering efforts of 
the transplant team in San Francisco have deeply influenced our 
program during the years, and we indeed have appreciated the knowl- 
edge presented from them. 

The advancement of transplantation gave, no doubt, a new dimen- 
sion to surgical science and raised many new ethical, biological, 
and practical questions. The impact of these problems, in terms of 
advancement of science, including the clarification of the concept of 
death, a broadened international cooperation, awareness of human 
integrity and dignity, cannot yet be fully appreciated. 

With the possibility of survivalthat transplantation gave the patient 
in terminal renal failure, the demands on the transplant surgeon 
rapidly grew, and long before they had become organized and were 
ready to meet the demands from the patients, different transplant 
programs were developed. Our initial situation in 1965 was that 
there were almost no dialysis facilities available. 

So our program was designed to use transplantation as the treatment 
of choice, with a goal to master the quantitative problem in the care 
of all uremic patients in our region, using early retransplantation 
as treatment for graft failure. 

Economic calculations based on an incidence of 50 new patients 
per million per year suggested that renal transplantation as the treat- 
‘ment of choice should result in a stabilization in the demands on 
resources within a ten-year period, while with chronic dialysis as 
the treatment of choice this would not occur until after 25 years, 
and at a cost ten times higher. 
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The gradual development of dialysis capacity and increasing 
competence in transplantation led to a rapid increase in the number 
of patients demanding kindey transplantation with us. (Slide) But 
from 1972, as seen from the slide, there seemed to be a balance in 
number of patients awaiting transplantation, as defined by the end 
of each year. 

We have recently reviewed our ten-year series (1965-1975) of 
705 transplants given to 514 patients; of which 85% were donated 
cadaveric grafts. In order to evaluate the rísks involved when either 
chronic dialysis or renal transplantation is used as the treatment of 
Choice for chronic renal failure, we took the survival Zigures of chronic 
dialysis from the EDTA report for the same ten-year period. (Slide) 
And in Europe chronic dialysis has been used in such an over- 
whelmingly dominating way that it is to be considered as the treat- 
ment of choice. The survival figures from the two groups are given as 
actuarial curves in this slide. 

As seen, transplantation during the first ten-year period was fol- 
lowed by a 15% higher first year mortality. However, after three 
years of treatment approximately an equal percentage of patients re- 
mained alive on the two programs. After the third vear there was a 
better survival of patients who received transplantations than those 
treated by chronic dialysis. 

This is probably a consequence of a superior metabolic rehabilita- 
tion achieved with a well-functioning graft resulting in a retardation 
of an otherwise progressive vascular disease which follows uremia, 
and which is so poorly controlled with dialysis. 

When comparing the risks involved with the two methods of treat- 


_ ment, it is important, then, to bear in mind that an initial higher risk 
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with transplantation is counterbalanced by a lower risk in the 
long perspective, and that early patient mortality is decreasing 
following cadaveric grafts, year by year. 

In a total care program for terminal renal failure, we conclude 
that renal transplantation should be used both to improve the quality 
of life and to prolong life, and must remain the main method of treat- 
ment, for the following reasons. 

With transplantation, the quantitative problem of care of uremic 
patients can be mastered. Full rehabilitation is possible. Long-term 
survival is superior with transplantation. Early mortality can be 
reduced with proper management of the patients after transplanta- 
tion, including early removal of failing grafts. Transplantation re- 
quires less manpower, and is at present much cheaper than chronic 
dialysis. Available capacity for chronic dialysis should be reserved 
for the treatment of patients, about 20%, who are unsuitable for renal 
transplantation in a total uremic population. 


Dr. Josgeu E. Murray (Boston, Massachusetts): This paper con- 
tains a wealth of data, carefully obtained and analyzed. The results 
are superb for patient care and graft survival. 

. In addition, the authors’ close collaboration with other disciplines 
within the hospital, their impact on the surrounding community 
hospitals, and their interface with the public and the legislature make 
their program truly a model one. 

So many points demand comment that I will reemphasize only a 
few in the time allotted. 

Fifty-nine per cent of all their patients have functioning trans- 
plants. Ninety-one per cent of the five-year survivors have achieved 
the same predisease psycho-social-economic rehabilitation that 
they had before. Even 37%, one third of their earliest group, are still 
alive, with functioning grafts. Both males and females, successfully 
transplanted, have become parents. Systemic diseases, such as 
lupus erythematosis, juvenile diabetes, are analyzed separately, 
allowing study of their pathophysiology, as well as the treatment 
course. The excellence of their preservation methods is attested to 
by 700 successful transplants of cadaveric donors without any.func- 
tional loss. 

The survival of their HL-A identical living-related-donor recipients 
is better than those from other reported series. Their analyses of the 
HL-A factors in cadaveric transplants show that this HL-A typing 
does not influence this type of transplant. 

In their manuscript they point out that presensitized recipients 
can be transplanted successfully in a large number, over 50%, and 
they have initiated and completed a prospective study in antithymic 
globulin in an exemplary fashion. 

I would like to indulge in a brief bit of personal history, as related 
to the American Surgical Association. It was 20 years ago, in 1957, 
that I presented my first paper before this Association on transplan- 
tation between seven pairs of identical twins. Dr. Hume and Dr. 
Schilling commented on the paper at that time. Included was one 
patient who had a successful pregnancy. 

In 1962 we presented renal transplantation in modified recipients 
and in that paper we had had a four-month experience with the use 
of the immunosuppressive drugs. 

And in 1964 we presented our analysis of the mechanism of im- 
munosuppressive drugs in renal homotransplantation, an analysis of 


RENAL TRANSPLANTS 


435 


several long-surviving dogs successfully allografted. It was at that 
time, January of 1964, that Dr. Najarian did the first transplant for 
the California group. 

In 1968, only four years later, we presented our material on tho- 
racic duct cannulation as an aid to immunosuppression, and Dr. 
Dunphy reported the then current University of California experi- 
ence. And he commented, very wisely, that these recent transplant- 
ers, newly entering the field, had achieved results as good as the 
then more experienced groups. 

The International Kidney Transplant Registry, I believe, has 
probably been a factor in these collaborative efforts, has established 
norms, and has set guidelines in data procurement and retrieval. 
And the early organizers of this Registry, including Dr. Hume, Dr. 
Reemtsma, Dr. Starzl, Dr. Najarian, and myself, I think, have served 
some purpose, because now we have data on over 25,000 transplants 
on a worldwide basis. And these data as cited by the authors of this 
manuscript as their norms add significance to the results reported 
today. 

Our own 25 year experience at the Brigham we reported a year ago 
at the Bicentennial Meeting of the four surgical societies of Phila- 
delphia, Baltimore, New York, and Boston. It was published in the 
Annals of Surgery in November, 1976. And we noted in our group, 
even going back to the earliest 1950 transplants, that 55% of all pa- 
tients were alive with functioning transplants, and over 90% of those 
surviving had excellent rehabilitation. 

I will conclude with one question. When we started our ex- 
perimental studies back in 1950, there were three theoretical 
approaches. We could try to achieve compatability. We could 
try to alter the recipient by depressing their immunity, by x-ray, 
drugs, and so on. Or we could alter the donor organ's anti- 
genicity. And with Dr. Nathan Couch we published a series of 
papers on perfusion of canine kidneys in the late fifties, hoping 
to set up a model whereby we could alter donor antigenicity. 

My question is: With the elegance of Dr. Belzer’s tech- 
niques in perfusion, and the longer time interval now allow- 
able between harvesting and revascularization, have you given 
any thought to attempts to alter the antigenicity of the donor 
organ? I would think this would be the direction to go over the 
next ten years. 


Dr. O. SALVATIERRA, Jn. (Closing discussion): Dr. Gelin, we 
agree with you that renal transplantation is probably optimum 
therapy for the patient with end-stage renal disease. 

Dr. Murray, we enjoyed your indulgence in nostalgia, because 
it was because of your and your associates! efforts in that 
early time period that made clinical transplantation as it is 
practiced today possible for those currently engaged in this 
field. 

In answer to your question, as far as altering the donor 
organ, this has been attempted. To this point we have not 
been successful, but it does theoretically present a very viable 
alternative in terms of improving graft survival. 

In closing, I would especially wish to recognize with gratitude 
the encouragement and gracious assistance of our past and present. 
Department Chairmen, Drs. Dunphy, and Ebert, in their initial 


_ and continued support of the program. 





Long-Term Esophageal Function Following Repair of 


Esophageal Atresia 


MARK B. ORRINGER, M.D., MARVIN M. KIRSH, M.D., HERBERT SLOAN, M.D. 


Primary repair of esophageal atresia restores gastrointestinal 
continuity, but does not ensure normal esophageal function. 
To date 22 patients, six to 32 (average 15) years after 
repair of their esophageal atresias, have been evaluated by 
personal interview and esophageal manometrics and acid 
reflux testing. Previous barium swallow examinations had 
demonstrated varying degrees of anastomotic narrowing (12 
patients), abnormal esophageal motor function (11 patients), 
gastroesophageal reflux (two patients), and hiatal hernia (one 
patient). Ten patients experience intermittent dysphagia for 
solid foods. Seven have typical symptoms of gastroesophageal 
reflux. Esophageal function tests including manometry and 
intraesophageal pH recording, have demonstrated varying ab- 
normalities of esophageal motility in 21 patients and moderate 
to severe gastroesophageal reflux in 13. Two patients have 
required reconstruction of the esophagogastric junction for 
control of severe reflux esophagitis. The unexpected high in- 
cidence of gastroesophageal reflux in these patients, coupled 
with their abnormal esophageal motility which impairs normal 
acid clearing, renders them more prone to reflux esophagitis. 
Careful long-term evaluation for gastroesophageal reflux and 
its complications is indicated following primary repair of 
esophageal atresia. Evaluation of esophageal function with 
intraesophageal pressure and pH recordings is a far more 
sensitive indicator of esophageal physiology than the barium 
swallow examination. 


I N 1941 CAMERON HAIGHT performed the first success- 
ful extrapleural ligation of the fistula, with primary 
anastomosis of esophageal segments, in a female infant 
with congenital esophageal atresia and tracheoesopha- 
geal fistula.'^ This monumental technical achievement 
formed the basis of the modern surgical approach to 
infants with this lesion and was responsible for con- 
verting a condition which carried a 10096 mortality rate 
to one which is now associated with a survival rate in 
excess of 6095.17 

During the two decades following Dr. Haight's initial 
report, numerous articles documenting and refining the 
preoperative, intraoperative and postoperative man- 
agement of infants with esophageal atresia were pub- 
lished. It soon became apparent, however, that while 
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primary repair of esophageal atresia restored gastro- 
intestinal continuity, it did not ensure normal esopha- 
geal function. Cinefluorographic and later esophageal 
manometric studies in infants and young children 
documented disordered esophageal motility in almost 
all of these patients. 

In recent years, with refinements in techniques of 
esophageal manometry and the use of the intraesopha- 
geal pH probe to measure gastroesophageal reflux 
directly, more precise data regarding the nature of 
various motor disturbances of the esophagus have 
emerged. The almost simultaneous development of 
severe reflux esophagitis in two young adults, 16 and 
27 years of age, who had had repair of esophageal 
atresia, prompted this study, which was undertaken to 
define more precisely the long-term esophageal motor 
disturbances and incidence of gastroesophageal reflux 
in these patients. 


Material and Methods 


Patients being followed in the Thoracic Surgery 
Clinic at the University of Michigan, who had 
survived primary repair of esophageal atresia in 
infancy for at least six years, were contacted to deter- 
mine their willingness to undergo interviews and 
esophageal function tests. To date, 22 patients have 
been evaluated by review of their medical history, per- 
sonal interview, barium swallow examination when in- 
dicated, and esophageal function tests. The age range 
of these patients was six to 32 years (average 15). Seven 
patients were between six and eight years of age, seven 
were between 12 and 16 years, and the remaining 
eight were between 17—32 years of age. All but one 
of these patients had had a tracheoesophageal fistula 
in association with esophageal atresia. The anomalies 
were of the common variety, with a blind proximal 
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esophageal pouch and the fistula between the proximal 
end of the distal esophageal segment and the tracheo- 
bronchial tree. One patient had had primary repair of 
an esophageal atresia without a tracheoesophageal 
fistula. 

Seven patients had new barium swallow examina- 
tions because of increasing esophageal symptoms; 
eight had had barium swallows within five years of this 
study and the remaining seven had the results of earlier 
barium examinations in their medical records. Because 
esophageal symptoms in these latter 15 patients had 
not changed recently, repeat roentgenographic studies 
were not obtained. 

Esophageal function tests, which were obtained in 
all patients, included manometry and intraesophageal 
acid reflux testing. In addition, acid clearing ability* 
was tested in 19 patients, and a Bernstein acid perfusion 
test? was performed in 14. Intraesophageal pressures 
were measured through triple-lumen constantly per- 
fused catheters with openings spaced five centimeters 
apart. A pH probe. was attached to the manometry 
catheters. The combined unit was inserted through the 
mouth in the seven patients younger than 12 years 
and through the nose in the remaining 15 patients. No 


sedation was used in any patient. Using standardized © 


procedure described elsewhere,?? the location, length, 
amplitude, and ability to relax reflexly with degluti- 
tion were determined for both esophageal sphincters in 
each patient. Esophageal motor activity with swallow- 
ing was recorded at three to five centimeter intervals. 

Acid reflux testing in the 15 patients 12 years of age 
or older was performed as described by Kantrowitz 
and his associates,!? by placing 250 to 300 ml of 0.1 
normal HCI into the stomach and monitoring intra- 
esophageal pH during standard postural marieuvers by 
means of an electrode positioned five centimeters 
above the distal high pressure zone (HPZ), or the pres- 
sure inversion point (PIP) when no HPZ was present. 
In the younger, smaller patients, 100 to 175 ml of 0.1 
normal HCI were used, depending upon the subject's 
complaint of abdominal fullness. Even with the 
shorter esophageal length in the children, the pH 
electrode was positioned five centimeters proximal to 
the HPZ or PIP. Thus measured acid reflux in these 
children was of relatively greater magnitude than: a 
similar grade of reflux in the adults. 


Results 


Past History 


Twelve of the 22 patients had required esophageal 
dilatations during the first two years of life, one be- 
tween ages five and seven, two between ages seven 
and nine, and five after ten years of age. Ten pa- 
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TABLE 1. Esophageal Symptoms After Repair of 
Esophageal Atresia (22 patients) 
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Symptom No. Per Cent 
Substernal dysphagia 10 45 
Delayed emptying 7 32 
Acid regurgitation 7 32 
Food regurgitation 6 27 
Heartbum with postural aggravation . 4 18 
Heartburn from spices, citrus fruits, etc. 4 18 
Cervical dysphagia 4 18 
Painful swallowing 1 5 





tients had required esophagoscopy and removal of 
impacted food during their first ten years of life, but 


. none after this age. In one patient an upper thoracic 


esophageal perforation had occurred during instrumen- 
tation of an anastomotic stricture at age four. One boy 
had undergone resection of the esophageal anastomo- 
sis and primary reanastomosis at one and one-half 
years of age for a persistent anastomotic stricture. 
The stenosis had recurred and required yearly dilata- 
tions until age ten. Recurrent respiratory infections 
were indicated in the histories of eight patients. One 
patient had had an asymptomatic H-type TEF divided 
four years after his original repair in infancy. 

Measurements of the distance the lower esophageal 
segment had to be mobilized for the anastomosis had 
been recorded in the operative notes of 12 of the 
patients. The length of distal esophageal mobilization . 
was one to one and one half centimeters in four patients, 
two to two and one half centimeters in two patients, 
three to three and one half centimeters in four patients, 
and more than four centimeters in two patients. 


Current History 


Chronic respiratory symptoms, ‘‘asthma’’ or recur- 
rent infections, were present in only four patients, aged 
six, seven, nine, and 14 years. Esophageal symptoms, 
however, were found in 17 of the 22 patients (Table 1). 
Using the clinical status evaluation proposed by Des 
Jardins and associates, five (23%) patients repre- 
sented excellent results of operation (completely 
asymptomatic); 13 (5996), good results (occasional 
dysphagia particularly for breads or meats), and-four 
(18%), only fair results (frequent dysphagia and/or re- 
current respiratory infections). 


Barium Swallow Examination 


The barium swallow findings reported in these pa- 
tients are shown in Table 2. While some degree 
of anastomotic narrowing or abnormal esophageal 
motility was noted by the radiologist in about one- 
half of the patients, radiologic reports such as ‘‘satis- 
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TABLE 2. Barium Swallow Findings Reported After Repair of 
Esophageal Atresia (22 patients) 








Symptom No. Per Cent 
Anastomotic narrowing 12 55 
Abnormal motility with delayed emptying i 50 
Gastroesophageal reflux 2 9 


Hiatal hernia 1 5 





factory appearance of the esophagus following repair 
of esophageal atresia” were equally common and pro- 
vided little or no information regarding the status of 
esophageal function. 


Esophageal Function Tests 


Esophageal function tests proved tó be the most 
sensitive indicator of esophageal abnormality (Table 3). 
In five patients there was complete loss of tone of the" 
distal esophageal sphincter mechanism with no identifi- 
able HPZ. The average mean and peak HPZ pressures 
(four and 9.17 mm Hg, respectively) in the remaining 
17 patients tended to be approximately one-half the 
comparable values (nine and 20 mm Hg) for asympto- 
matic, healthy yourig adult controls who have been 
evaluated in our laboratory with esophageal function 
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tests. In all patients with an identifiable HPZ, however, 

normál reflex relaxation of this sphincter mechanism 
with deglutition was demonstrated (Fig. 1). Similarly, 
normal relaxation of the upper esophageal sphincter 
with swallowing occurred in all patients and mean and: 
peak pressures within this sphincter were comparable 
to those of normal controls; 

All but one patient had abnormal esophageal motor 
function. In 18 patients, there was no progressive 
peristalsis within the entire esophagus, esophageal con- 
tractions after swallowing being simultaneous and 
either of low (11 patients) or normal (seven patients) 
amplitude (Fig. 2). 

With an intraesophageal pH probe, moderate to severe 
acid reflux was documented in 13 (59%) of these pa- 
tients, including the 5 in whom no distal esophageal 
HPZ was found (Fig: 3). This degree of reflux occurred 
in four of the seven patients younger than 12 years 
and nine of the 15-patients 12 years or older. Of the 
five patients in this series who had no esophageal 
symptoms, four had no detectable gastroesophageal 
reflux and one had minimal (1+) gastroesophageal reflux 
(considered within normal limits). The only patient with 
normal acid clearing ability was the single individual in 
this group whose peristaltic activity was normal on 
manometric evaluation. Instillation of acid into the 


TABLE 3. Results of Esophageal Function Tests after Repair of Esophageal Atresia (22 patients) 


Test 


I. Manometry 

A. Characteristics of HPZ (mean + S.D.) 
Mean pressure (mmHg) 
Peak pressure (mmHg) 
Length (cni.) 

: No HPZ 

B. Motility Disorder 
None 
Loss of progressive peristalsis 


Simultaneous normal amplitude contractions —eritire 


esophagus : 
Simultaneous low amplitude contractions—entire 
esophagus 


Normal peristalsis-proximal esophagus; sumultaneous 


contractions in distal two-thirds 


C. Characteristics of upper esophageal sphincter (mean + S.D.) 


Mean pressure (mmHg) 
Peak pressure (mmHg) 
. Length (cm.) 
II. Acid-Reflux Test 
Negative 
Minimal (1+) 
Moderate (2+) 
Severe (3+) 
III. Acid-Clearance Test 
Abnormal 
Normal 
IV. Acid-Perfusion Test 
Positive 
Negative 


No. of Per 
Finding Patients Cent 

4 +242 
9.17 + 5.63 
2.18 + 1.39 

5 23 

1 5 

21 95 

7 33 

11 52 

3 14 
7.55 + 2.17 
17.77 x 5.45 
2.5 x .65 

8 36 

1 5 

3 14 

10 45 

18 95 

i E 

3 21 

11 79 


^ 
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esophagus produced no symptoms in 11 of the 14 pa- 
tients in whom the acid perfusion test was performed. 
Table 4 shows the relationship of the degree of 
distal esophageal mobilization required at operation to 
the presence and extent of gastroesophageal reflux 
found. Two of the six patients who required between 
one and two and one half centimeters of distal esopha- 
geal mobilization were found to have moderate or 
severe reflux, in contrast to five of the six patients 
who required mobilization of three or more cm of distal 
esophagus. 


Treatment 


The 13 patients in whom moderate to severe gastro- 
esophageal reflux was documented have been in- 
structed to elevate the head of their bed, and avoid 
eating or drinking for two hours before retiring at night. 
In addition, those with symptomatic gastroesophageal 
reflux have been placed on small, frequent feedings and 
antacids after meals and at bedtime. Because of the 


RESP. 


Fic. 2. Aperistalsis in 
esophageal atresia patient. 
There is lack of effective 
peristalsis with swallowing, 
contractions being weak 
and simultaneous. (DS 
= dry swallow; WS = wet | 
swallow.) — 


PROX. 
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severity of their esophageal symptoms, however, three 
patients underwent esophagoscopy, and in each, mild 
anastomotic narrowing with distal grade II (ulcerative) 
esophagitis and free gastroesophageal reflux were seen. 
Two of these patients have required surgical recon- 
struction of the esophagogastric junction to control re- 
flux and its complications. The first of these, a 16-year- 
old female, had required yearly esophageal dilatations 
for recurrent anastomotic narrowing. Her acid regurgi- 
tation and-heartburn with postural aggravation were 
refractory to medical therapy. Intraoperative dilatation 
of her anastomotic stricture and a combined Collis 
gastroplasty and Belsey hiatal hernia repair have 
eliminated her dysphagia and symptoms of reflux for 
more than one year. 

The second patient, a six-year-old female, had re- 
quired esophageal dilatations at three to four month 
intervals since repair of her esophageal atresia, and 
despite sleeping in an almost sitting position, experi- 
enced recurrent bouts of nocturnal regurgitation of 
gastric contents and pneumonitis. Although she was 
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Fic. 3. Strongly positive 
(3+) acid reflux test in 
esophageal atresia patient. 
Gastroesophageal reflux 
. (+), indicated by drops 
+ in intraesophageal pH be- 
low 4, occurs whenever the 
patient lies supine, on the 
right side or on the left side. 
(DS = dry swallow; WS 
= wet swallow; HPZ = high 
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unable to relate experiencing substernal pain, she was 
terrified of lying supine, and would immediately clasp 
her hands over her epigastrium and vomit in this 
position. Now five months since her hiatal hernior- 
raphy, this giri sleeps supine and uninterrupted 
throughout the night, with only occasional dysphagia 
for meats. i 

The third patient with endoscopic ulcerative 
esophagitis, a 27-year-old female who has required 
numerous esophageal dilatations of an anastomotic 
stricture, has moderate symptoms from gastroesopha- 
geal reflux, but has refused operative intervention at 
this time. 


Discussion 


In 1957, Haight noted abnormal motor activity of the 
esophagus distal to the anastomosis in patients with 
repaired esophageal atresia and tracheoesophageal 
fistula.!? Following this, reports emerged confirming 
radiographically demonstrable abnormalities of esoph- 
ageal motility in children who had survived repair of 
esophageal atresia with or without tracheoesophageal 
fistula. Cine-esophagograms typically demonstrate 


TABLE 4. Relationship Between Degree of Distal Esophageal 
Mobilization and the Presence and Extent of Gas- 
troesophageal Reflux (12 patients) 


No. of Patients with Degrec of Reflux 


Length of Distal 
Mobilization 0-1* : 2* 3* 
(cms.) (none-mild) (moderate) (severe) 
1-1.5 3 0 1 
2-2.5 1 I 0 
3-3.5 1 1 2 
4 or more 0 0 2 


lack of a coordinated esophageal peristaltic stripping 
wave, either throughout the entire esophagus or begin- 
ning at the level of the anastomosis.7:1020.21 

Manometric studies in children and young adults 
who have had repair of esophageal atresia and TEF 
have defined the abnormality in esophageal motor func- 
tion further. Progressive peristalsis is lacking, and 
esophageal contractions tend to be simultaneous, 
repetitive, and of either weak or normal amplitude.2?-27 
The aperistaltic segment of esophagus may extend both 
proximal and distal to the level of the anastomo- 
sis.5 Pressures in both esophageal sphincters have been 
normal. Although Lind and associates? reported 
failure of relaxation with deglutition of the distal HPZ in 
these patients, this observation has not been sub- 
stantiated in either our laboratory or by the results 
of others, who have found manometrically normal- 
appearing lower esophageal sphincter function.5?" 

Our manometric studies demonstrated lack of a distal 
HPZ in five (23%) of our patients and in the remaining 
patients, HPZ pressures approximately one-half those 
seen in asymptomatic young adult control subjects. 
In every patient with a demonstrable esophageal HPZ 
however, normal reflex relaxation with deglutition oc- 
curred. All but one of our patients manifested the 
typical motility disorder which has been documented 
by others. 


In 18 patients, aperistalsis was evident throughout l 


the entire esophagus, and in three it was limited to the 
distal two-thirds. One of our patients showed normal 
amplitude, progressive peristalsis throughout the 


esophagus, and this was the only patient who demon- . 


strated normal acid clearing ability. As other investiga- 
tors have found, upper esophageal sphincter pressures 
and motor function were normal in all of these patients. 
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Gastroesophageal reflux in adults is associated with 
a decrease in distal HPZ pressure.???! The detection of 
moderate to severe gastroesophageal reflux with the 


. intraesophageal pH probe in 13 (59%) of our patients 


correlated well with their abnormally low HPZ pres- 
sures, and emphasizes that the manometric demonstra- 
tion of a distal esophageal HPZ does not necessarily 
indicate competence of the lower esophageal sphincter 
mechanism. The fact that gastroesophageal reflux was 
seen radiographically in only two patients and a hiatus 
hernia in only one in this series is not surprising. 
The limitations of the barium swallow examination in 
documenting gastroesophageal reflux are increasingly 
apparent.” Further, itis now known that gastroesopha- 
geal reflux can occur in the absence of a radiographic 
hiatus hernia.!5 

The cause of gastroesophageal reflux in these pa- 
tients is a matter of conjecture at the moment, as 
is the debate on whether the esophageal motility dis- 
order in these patients is a congenital abnormality or 
a.result of vagal denervation of the esophagus at the 
time of repair of the atresia. Astley described ''the 
development of gastro-esophageal incompetence due 
to operative traction on the cardia"' in infants following 
repair of atresia and TEF.! Cameron Haight was con- 
cerned about the subsequent development of this com- 
plication and warned against routine mobilization of 
the distal esophageal segment to the level of the 
diaphragm ‘‘because of the possibility of producing an 
iatrogenic hiatus hernia." !? Our data support this view 
and suggest that there is an increased incidence of sub- 
sequent gastroesophageal reflux in patients requiring 
mobilization of three centimeters or more of their distal 


_ esophageal segment for the primary anastomosis. 


Gastroesophageal reflux is commonly seen in infants, 
but most tolerate this without difficulty and become 


symptom-free as they ‘‘outgrow’’ their reflux. It 


has been well documented, however, that some infants 
and children may develop complications of gastro- 
esophageal reflux that require operative intervention 
for their control.!??96 After repair of esophageal atresia, 
gastroesophageal reflux in infants may be a more im- 
portant factor influencing the patient’s subsequent 
clinical course than has been appreciated generally. 
Chrispin and associates found radiographic sliding 
hiatal hernias and gastroesophageal reflux in 12 of 
14 children with recurrent bouts of dysphagia and 
aspiration pneumonia following repair of esophageal 
atresia and TEF.” Holden and Wooler reported that 


. five of their 33 surviving patients had hiatal hernias 


during their first six months of life. At the time of 
their review, one was asymptomatic, one had no 
symptoms but had a pronounced hernia on barium 


_ Swallow, one had a hiatal hernia which produced 
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esophagitis, one had developed a peptic stricture, and 
one had died at six years of age from bronchiectasis. 
Several authors have suggested that resistant esopha- 
geal anastomotic strictures and recurrent respiratory 
infections in these infants and children may be 
perpetuated by gastroesophageal reflux and success- 
fully treated with antireflux operations.?:19?5 

The ability of the esophagus to clear refluxed acid 
back into the stomach, thereby limiting the duration 
of contact between the acid and the esophageal mu- 
cosa, is thought to play an important role in prevention 
of esophagitis.4?8 Due to the lack of progressive 
peristalsis which characterizes the esophageal motility 
disturbance in patients with esophageal atresia, it was 
not surprising that 21 out of 22 of our patients 
demonstrated abnormal acid clearing ability. The 
implication of this combination of gastroesophageal 
reflux and impaired acid clearing ability is an increased 
incidence of complications secondary to gastroesopha- 
geal reflux—esophagitis and pulmonary symptoms. 
The precise role that gastroesophageal reflux plays in 
infants who, after operation, develop anastomotic 
strictures and pulmonary complications cannot be de- 
termined with certainty. But the documentation of so 
high an incidence of gastroesophageal reflux in young 
adults surviving repair of esophageal atresia can only 
lead to the assumption that the condition has been 
present since infancy. 

It would seem prudent, therefore, beginning in the 
immediate postoperative period, to initiate accepted 
medical therapy for control of reflux in these infants, 
specifically, virtual constant upright posturing and 
small, frequent feedings of thickened formula.’ As the 
children grow, elevation of the head of the bed at night 
should be routine. It must be remembered that these 
children have not experienced a period of normal 
esophageal function against which they can compare 
their symptoms and report them as being abnormal. 
When asked if they swallow normally, the response will 
almost always be ‘‘yes’’. But when questioned 
specifically about dysphagia for meat or bread, acid 
or food regurgitation, or nocturnal respiratory symp- 
toms, what was reported as ‘‘normal’’ esophageal func- 
tion often becomes clearly abnormal.” 

Persistent or recurrent respiratory complications, 
bouts of severe dysphagia and failure to grow normally 
in these patients after six to nine years of age should not 
be attributed arbitrarily to their esophageal motility 
disorder. Patients in this age range rarely show more 
than minimal anastomotic narrowing on their barium 
esophagogram, and an atonic or poorly contracting but 
uninflamed esophagus should serve as an adequate 
conduit for most foods. It is noteworthy that of the 
five patients in this series with no esophageal symp- 
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toms, four had no demonstrable gastroesophageal 
reflux and one had only minimal reflux. An intensive 
effort to exclude gastroesophageal reflux, including a 
barium study with fluoroscopy, intraesophageal pH 
reflux testing, and esophagoscopy may be the only 
means of instituting proper therapy in these patients. 

We believe that whenever possible, every effort 
should be made to avoid hiatal hernia repair in infants 
and children. The long-term success rate of antireflux 
operation in children, particularly those with esophagi- 
tis and stricture, is not high.? And unlike adults, with 
conscientious medical management, symptoms of 
reflux in infents may be well-controlled and disappear 
completely as distal HPZ competence is gained with 
age. There will nevertheless be instances, as in our 
six-year-old female who required hiatal hernior- 
rhaphy, in which life-threatening bouts of recurrent 
aspiration or impaired nutrition leave little choice other 
than operative intervention. We have been impressed, 
however, that both of our patients who had antireflux 
operations hed moderate to severe periesophagitis and 
esophageal shortening which prevented a tension-free 
reduction of the esophagogastric junction well below 
the diaphragm. Mediastinal fixation of the midesopha- 
gus secondary to the initial repair of esophageal 
atresia also prevented cephalad mobilization to the aor- 
tic arch. In adults, with esophageal shortening from 
peptic esophagitis, the esophagus-lengthening Collis 
gastroplasty procedure in combination with either 
Belsey or Nissen fundoplication, has provided an excel- 
lent means of achieving a tension-free antireflux opera- 
tion without the need to place sutures in the inflamed 
distal esophagus.?* This approach has not been used 
extensively enough in children to determine if the 
gastroplasty tube will grow adequately with the patient. 


. Conclusions 


The esophageal motility disorder present in infants 
and children after repair of esophageal atresia persists 
into adult life. Characteristically, there is loss of an ef- 
fective primary peristaltic stripping wave and simul- 
taneous, weak or normal amplitude esophageal con- 
tractions after swallowing. In addition, moderate to 
severe gastroesophageal reflux secondary to incompe- 
tence of the lower esophageal sphincter mechanism, 
usually without a radiographic hiatus hernia, is present 
in many young adults (59% in this series) with this 
condition. While gastro-esophageal reflux in these pa- 
tients may be the result of a congenital abnormality of 
lower esophageal sphincter function, it is more com- 
mon in those who require three centimeters or more 
of distal esophageal mobilization for their primary 
anastomosis. The combination of gastroesophageal 


ORRINGER AND OTHERS 


Ann. Surg. e October 1977 


reflux and impaired acid clearing ability due to the lack 
of effective peristalsis may be at least partially re- 
sponsible for the high incidence of pulmonary com- 
plications and anastomotic strictures in these children. 
With age, reflux esophagitis may become increasingly 
severe. 

Those who care for these patients in infancy and 
childhood must be diligent about maintaining an anti- 
reflux regimen. As these patients become adults, 
careful long-term evaluation for evidence of esophagitis 
is warranted. It cannot be assumed that these patients 
ever 'outgrow"' their abnormal esophageal function, 
and we are obligated to warn both parents and, later 
the patients themselves, of the potential hazards of 


‘gastroesophageal reflux and its complications they may 


face. 
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DISCUSSION 


Dr. ALEXANDER H. BILL (Seattle, Washington): I think this is a 
very worthwhile study, and it brings, then, the question of: How 
does one provide the best function for these children? 

I have thought (and I have never been able to prove it) that this 
may go back to the anatomy that we see in the abnormality. As 
one looks to these, you see that the vagus comes down, and it 
then jumps the gap between the upper esophagus and the posi- 
tion of the lower esophagus by going along the trachea and then 
coming down and putting its fibers in on the medial side of the 
lower esophagus. I have felt that the key to good function may 
be in leaving these nerve fibers undisturbed. 

In order to leave as much innervation as possible, it requires 
leaving undissected the medial side of the lower esophagus, be- 

cause that's where the vagal fibers come in to the esophageal 
ganglia, from where they go to the esophagus. This is based on 
the possibility that the function of the esophagus is by reflex to 
the vagal fibers, rather than intrinsic, as in the bowel. 

This is borne out by their figures, which show that the longer 
the dissection, the worse the function, suggesting that these 
lower fibers may have been damaged. 

I would like to express appreciation for this very valuable 
study, and to ask their opinion of whether the vagal anatomy 
may be at the base of the problem. 
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DR. MARK B. ORRINGER (Closing Discussion): Dr. Bill has raised 
a question that has pervaded the literature regarding esophageal 
atresia for a number of years: the argument as to whether 
the functional abnormality of the esophagus in these patients 
is a congenital abnormality or is an acquired condition related 
to dissection of the vagus nerves at operation. 

There is no easy solution to this problem. However, some 
detailed cine-fluorographic studies from the British literature 
have documented abnormal esophageal motor function in children 
without atresia but with small tracheoesophageal fistulae not diag- 
nosed until age four and seven years of age. This suggests a 
congenital abnormality of esophageal motility in these patients in 
whom operations had not yet been performed. 

On the other hand, although many of these patients have 
gastroesophageal reflux through an incompetent lower esophageal 
sphincter, in all of the patients that we studied, normal reflex 
relaxation of the lower esophageal sphincter mechanism with 
swallowing was identified. It is difficult to understand why in a 
congenital abnormality of esophageal function, one aspect of re- 
flex esophageal activity should be preserved, while another, 
peristalsis, is lost. 

Regardless of the cause of the impaired peristalsis in these 
patients, gastroesophageal reflux is of more clinical significance, 
not only in terms of feeding and pulmonary problems in in- 
fancy, but also because of the potential for esophagitis in child- 
hood and adult life. 
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Total resting leg blood flow, measured by venous occlusion 
plethysmography; leg oxygen consumption; substrate turn- 
over; and leg surface temperature were determined in 21 non- 
septic burn patients and four normals. The patients studied 
during the second to third week postinjury sustained total body 
surface injuries averaging 45% (range 12—86%) and leg injuries 
of 35% total leg surface (0—82.540). To integrate the peripheral 
metabolic and circulatory events with the systemic responses 
to injury, total body oxygen consumption, cardiac output, rec- 
tal and mean skin temperatures were also measured. Leg blood 
flow and leg surface temperature generally increased with total 
burn size but did not correlate with cardiac output, total body 
oxygen consumption, or body temperature. However, leg blood 
flow was closely related to the extent of the leg burn (° = 0.73). 
To evaluate the metabolic determinants of the wound blood 
flow, patients were matched for burn size (40.5% total body 


surface in one group vs. 42%), resulting in similar systemic © 


responses to injury (cardiac index 7.8 + 0.7 L/min-m? vs. 
7.5 + 0.8, VO, 204 + 12 ml/min - m? vs. 241 + 22, rectal tem- 
perature 38.5 + 0.3^ vs. 38.3 + 0.3", NS). One group (n = 7) 
had extensive leg burns (5846 of the leg surface), the other (n —9) 
minimal leg injuries (9.5%). Leg oxygen consumption was similar 
in the two groups (0.24 + 0.01 ml/100 ml leg: min vs. 0.19 
+ 0.04, NS), although leg blood flow was markedly increased 
in the injured extremities (8.0 + 0.5 m1/100 ml leg: min vs. 4.2 
+ 0.4, p < 0.001). Glucose uptake and lactate production were 
enhanced in the burned extremities (glucose 0.34 + 0.08 mg/100 
ml leg: min v$. 0.04 + 0.03, p < 0.01, lactate 0.30 + 0.08 
mg/100 ml leg: min vs. 0.06 + 0.06, p < 0.05) and related in a 
general manner with size of the leg burn. Increased peripheral 
blood flow following injury is directed to the wound and unre- 
lated to aerobic metabolic demands of the extremity. The selec- 
tively perfused wound consumes glucose and produces lactate. 
The increased systemic cardiovascular and metabolic re- 
sponses to thermal injury are essential for the enhanced cir- 
culatory and anaerobic demands of the healing wound. 
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C IRCULATORY AND METABOLIC ALTERATIONS 

characterize the compensatory adjustments which 
occur following major injury. After successful resusci- 
tation, cardiac output rises and body temperature and 
ventilation increase, reflecting heightened energy de- 
mands on the body. Weight loss and increased urinary 
excretion of nitrogen, potassium, phosphorus, and 
other intracellular constituents, reflect the accelerated 
catabolism which occurs following trauma. During the 
hypercatabolic, reparative, or ‘‘flow’’ phase of injury, 
these general systemic events occur as if in response 
to tissue inflammation and in support of wound repair.!? 
With healing of the wound, the systemic responses 
abate and convalescent anabolism begins, as charac- 
terized by an increased appetite and activity and a re- 
building of body mass. 

Clinical studies over the past half century have quan- 
titated and interrelated these systemic adjustments to 
injury. The initial observations of Cuthbertson, de- 
scribing the post-traumatic responses following long 
bone fracture,? were confirmed and extended by How- 
ard,” Moore,” and others. Although high caloric diets 
diminished loss of body tissue following injury,?5 the 
systemic hemodynamic and metabolic responses were 
not blunted by increased food intake.?? The inter- 
relationship between loss of protein economy and hy- 
permetabolism was established by Kinney?? and asso- : 
ciates!! in a variety of surgical patients. The increase 
in cardiac output paralleled the rise in oxygen consump- 
tion in patients with various hypermetabolic disease 
processes. Increased gluconeogenesis occurs in in- 
fected and injured patients,” and the rate of hepatic 
glucose production was closely related to the extent of 
injury.*! Finally, the hormonal mediators of these sys- 
temic responses to injury were recognized? and the 
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central role of the sympathetic nervous system as or- 
chestrator of the homeostatic events following major 
injury was established.9? 

Although the various sytemic circulatory and meta- 
bolic alterations following injury have been quantified, 
it has been difficult to interrelate physiologic and bio- 
chemical events to each other and to the healing wound. 
In this study, associated systemic and regional hemo- 
dynamic and metabolic events were monitored in the 
thermally injured patient. The influence of the wound 
on these integrated physiologic responses was evaluated. 


Materials and Methods 
Subjects 
Twenty-one noninfected burn patients were selected 
to represent a wide range of total body surface and leg 
injuries; all were male, and none had known pre-exist- 
ing diseases (Table 1). The patients were studied be- 
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tween the seventh and twenty-second postburn day, 


with the mean day of study being the thirteenth day: 


following injury. All patients were: 1) normotensive 
and hemodynamically stable after an uneventful re- 
suscitation, 2) in a normal state of hydration, with a 
hematocrit greater than 33, and without abnormalities 
in serum electrolyte concentration, osmolality, or pH, 
3) free of systemic infection as determined by clinical 
symptoms and signs, chest x-rays, and daily blood cul- 
tures, and 4) alert, cooperative, and able to participate 
in the study. 
Four normal subjects served as controls. AH were 
thoroughly accustomed to the techniques of respira- 
tory, circulatory, and metabolic testing. 


Subject Preparation 


All subjects were studied in the early morning. Nor- 
. mal individuals fasted for at least ten hours before the 


TABLE 1. Characteristics of Subjects Studied 


Total 
Body Estimated* Body 
Surface Total Leg Bum 
Age Weight Area Volume (Per 
Subjects (Year) (kg) (m?) (D Cent) 
Controls 
35 717.3 2.06 11.081 0 
2 24 75.0 1.98 12.442 © 0 
3 29 84.1 2.04 12.437 0 
4 28 63.6 1.72 9.602 0 
Patients 
la 50 58.6 1.72 7.877 12 
ib 50 58.6 1,72 7.544 12 
2 36 80.8 1.99 12.042 12 
3a 29 83.5 2.06 12.500 24.5 
3b 29 83.5 2.06 10.567 24.5 
4 20 83.7 2.06 15.274 28 
5 32 89.4 2.05 13.146 29 
X 6 54 76.3 1.92 10.056 29.5 
7 18 69.6 1.91 9.306 35 
8 33 63.4 1.71 9.089 43 
9 40 88.0 2.10 13.229 45 
10a 22 67.2 1.72 9.389 46.5 
10b 22 57.5 1.63 7.730 46.5 
11 19 72.8 1.92 10.022 48 
12 26 73.2 1.93 10.752 50 
13 18 80.3 2.07 12.799 50 
14 28 77.2 1.97 10.769 50 
15 20 59.1 1.70 10.427 50.5 
16 17 82.5 2.05 13.570 57.5 
17 ` 19 68.2 1.91 8.635 61.5 
18 19 64.4 1.73 9.242 67 
19 21 67.2 1.78 10.930 73 
20a 24 61.1 1.70 9.873 78 
20b 24 53.4 1.61 6.622 78 
21 22 79.5 2.10 10.728 86 





Per 
Total Cent 
Per Leg Third Post- 
Cent Bum Degree bum 
Third (Per Leg Day Individual Variations 
Degree Cent) Burn Studied During Study 
0 0 0 — 
0 0 0 — 
0 0 0 — 
0 0 0 — 
6 2.5 2.5 10 Measurement of left leg 
6 57.5 27.5 10 Measurement of right leg 
1 0 0 10 
0 20 0 1 
0 20 0 18 
0 70 0 7 
5 2.5 0 9 Dressing on left hand 
0 0 0 12 
1.5 10 0 11 
2 45 0 9 i 
24 17.5 5 12 Small venectomy wound left 
lower leg; upper extremities 
in dressings 
43 17.5 17.5 8 Dressings over trunk, both 
upper arms, and right thigh 
43 17.5 17.5 19 
2 12.5 0 12 
31 0 0 17 : 
40 82.5 82.5 22 Dressings on right leg 
14.5 52.5 15 21 Dressings on left upper 
extremity 
5 37.5 2.5 10 Dressings on left hand 
12 15 0 14 
28 60 57.5 21 Two weeks post-excision; 
: dressings on right leg 
0 65 0 il 
2.5 45 0 I5 
0 80 0 il 
0 80 0 20 
57 82.5 82.5 '8 Dressings on arms and right leg 


* Volume of leg inside the plethysmograph (by displacement) plus volume outside. 
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study, and all patients were fasted after midnight. 
Those patients requiring intravenous fluid to maintain a 
normal state of hydration received 0.04 molar nutrient- 
free sodium chloride infusions for six hours before and 
throughout the study. While routine clinical care con- 
tinued, patient manipulation was minimized for at least 
six hours before the study. Patients who were unable to 
rest during this period were not studied. 

The burn wounds were treated by a variety of tech- 
niques. The majority of patients were treated by the 
exposure method, utilizing silver sulfadiazene cream 
(Silvadene®) applied to the injured surface, but some 
patients were treated with 11% mafenide acetate topical 
antibiotic (Sulfamylon® cream). Some wounds were 
covered with dressings soaked in saline, five per cent 
mafenide, or 0.5% silver nitrate. While the treatments 
themselves have no known direct effect on blood flow 
or leg metabolism, they do require manipulation of the 
patient, resulting in patient discomfort. To insure that 
each patient was well rested and unstimulated before 
the study, wound treatment was also minimized for at 


least eight hours prior to the study. In the patients . 
treated by the closed technique, dressings were re-: 


moved only from the left leg just prior to the study. Rou- 
tine clinical care and monitoring were maintained 
throughout all phases of the study. 


Study Design 


All studies took place in an environmental chamber 
previousy described.** The ambient temperature was 
maintained at 30°, and relative humidity ranged be- 
tween 40-50%. Control subjects wore light cotton 
shorts, and patients were draped with a light cotton 
towel. The postabsorptive subjects were moved to the 
study room between 5:00 and 6:00 A.M. and placed 
supine in bed. Nine copper-constantan thermocouples 
were attached to the skin at the same sites in all subjects 
(dorsum of the foot, lateral and posterior calf, posterior 
and anterior thigh, dorsum of the hand, forearm, abdo- 
men, and low back). Leg skin temperatures were moni- 
tored from both legs, using five additional thermo- 
couples, in patients with asymmetrical leg burns. In 
those patients treated in dressings, the thermocouples 
were placed on the wound, under the dressing, except 
for the fully exposed leg under study. A rectal probe 
was inserted to a depth of ten centimeters from the 
external anal sphincter. All temperatures were re- 
corded at five-minute intervals on a Leeds and North- 
rup Numatron scanning facility and recorder. If not 
already present, an intravenous catheter was placed in 
a large caliber vein and patency maintained with a con- 
stant infusion of 0.04 molar sodium chloride solution. 
A plastic catheter (#25 or #21) was placed percutane- 
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ously in an accessible extremity artery (femoral, dor- 
salis pedis, or radial) not in the leg under study and 
positioned to insure free flow.of arterial blood. Patency 
of the catheter was maintained by slow infusion of 0.04 
molar sodium chloride solution by syringe pump. 
Following the initial preparation phase, the patients 
were allowed to rest for at least an hour in the semi- 


_ dark, quiet room and then repositioned to the side of the 


bed. The left leg* was inserted in a large, soft, pliable, 
water-impermeable boot and then placed in a full-length 
plethysmograph. Water was added to the plethysmo- 
graph at a temperature equal to the mean leg skin tem- 
perature and maintained at that temperature through- 
out the remainder of the study. At the end of a 30-minute 


` period of equilibration with the water in the plethysmo- 


graph, the subject's cardiac output was determined by 
the dye dilution technique. This was followed by meas- 
urement of leg blood flow and calibration of the plethys- 
mograph. A canopy hood was then placed over the 
patient's head, and continuous oxygen consumption 
was measured over 15-20 minutes. Following this, 
blood was then drawn from the femoral vein and, simul- 
taneously, from the arterial line for determination of 
arterial and venous substrate concentration of the limb 
under study. Water was then drained from the plethys- 
mograph and the patient's leg removed from the instru- 
ment. In preliminary investigations, the order of these 
measurements was varied. These trials demonstrated 
that the study results were unaffected by the measure- 
ment sequence as long as adequate time was allowed 
for the patient to return to thé resting state following 
each manipulation. Puncture of the vasculature of the 
limb under study always followed measurement of limb 
blood flow. : 

Total time for the study, including periods for equil- 
ibration, was three to four hours. The patients usually 
slept throughout this period of time. As patient comfort 
was a basic prerequisite in this study, whenever it could 
not be achieved, the study was discontinued. To achieve 
near basal conditions, conversation was minimized and 
hand signals were used between the investigators dur- 
ing the study. 


Study Methods 


Leg blood flow was determined by use of a full- . 
length, water filled, venous occlusion plethysmograph 


. as previously described.? Briefly, this plethysmograph 


is a rigid, rectangular box made of clear plexiglass. To 
facilitate its use in injured limbs, it can be disassembled 
into three sections, a thigh plate and attached boot, a 


trough section with mesh sling to support the leg, and 


* Both legs were studied on Patient 1. 
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a full-length top. The patient's leg was slipped through 
atailor made opening in the thigh plate and into a large, 
loose fitting, polyvinyl boot. The boot served to form a 
freely expandable, watertight seal between the limb and 
‘the plethysmograph, preventing fluid exchange across 
the burn wound and minimizing contamination. The 
boot and thigh plate were advanced to the proximal 
thigh and the leg placed in the mesh sling of the plethys- 
mograph. The three sections of the plethysmograph 
were then locked together and the box filled with water 
equal to the mean skin temperature of the leg under 
study. 

Venous occlusion was accomplished by rapid infla- 
tion of a ten centimeter wide tourinquet cuff placed as 
high on the upper thigh as possible. Occlusion pressure 
was varied for each subject to obtain a maximal rate of 
limb swelling. In some patients with burns on the thigh, 
a topical anesthetic (two per cent viscous lidocaine) 
was applied to the area under the tourniquet cuff to 
reduce pain resulting from inflation. With venous occlu- 
sion, the limb swells; and the change in limb volume 
caused water to rise in a chimney located on the top of 
the plethysmograph. The increase in column hydrostatic 
pressure was converted to an electrical signal, 
amplified and recorded. In order to avoid the initial 
inflation artifact, the rate of leg volume change between 
four to ten seconds following venous occlusion was 
used to determine blood flow. In the majority of meas- 
urements, the response was linear during this time 
period. 

The plethysmograph was calibrated periodically 
with the leg in place. The volume of the limb within 
the plethysmograph was determined by subtracting the 
volume of water in the plethysmograph from its known 
capacity. The eight to ten flow measurements were aver- 
aged and leg blood flow expressed in ml/100 ml leg vol- 
ume per minute. In order to relate peripheral measure- 
ments with systemic events in the same patient, the 
volume of the entire leg was estimated. The approxi- 
mate volume of the leg outside the plethysmograph 
was calculated from measurements of the circumference 
of the exposed thigh and the distance from the symphy- 
sis pubis to the plethysmograph. Total leg volume esti- 
mates were used only in the comparison of total body 
and leg oxygen consumption; all other results reported 
in 100 ml units of leg volume utilized only the portion 
of the leg within the plethysmograph. The validity of 
including the proximal portion of the leg not within the 
plethysmograph in the total leg measurements was dem- 
onstrated by studies in normal subjects. Withdrawing 


the leg from the plethysmograph had no effect on leg - 


blood flow per 100 ml leg volume until the instrument 
was below the mid-thigh level. 
Cardiac output was performed by rapidly injecting 
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a one milliliter bolus of indocyanine green dye (10 
mg/ml) into a large bore vein and monitoring the arterial 
dilution with a Waters DCR-702 densitometer, strip 
chart recorder, and cardiac output computer. Each 
reported cardiac output was the mean of three to five 
determinations. Prior to each experiment, known con- 
centrations of green dye were mixed with the subject's 
venous blood, and the densitometer and recorder sys- 
tem were calibrated. The results obtained from the 
cardiac output computer were routinely verified by 
manual integration of the recorded curves. These dye 
dilution cardiac output results compared favorably 
with those obtained by the Fick and thermal dilution 
techniques. 

Oxygen consumption of the patient was measured 
using a modification of the open circuit technique. The 
patient placed his head in a clear plexiglass canopy 
hood, fitted with a pliable loose-fitting neck seal. Forty 
to 70 liters of room air were pulled through the box by 
an exhaust fan, insuring that all expired air exited 
through the exhaust opening. Due to individual differ- 
ences in ventilation, flow rate was adjusted for each 
subject by altering the size of the exhaust port. Optimiz- 
ing flow rate for each subject prevented accumulation 
of carbon dioxide within the head box while providing 
the necessary differential between input and exit gas 
concentrations for accurate determination. A bidirec- 
tional, low resistance turbine flowmeter* continuously 
measured exit flow. Concentrations of carbon dioxide 
and oxygen in the exhaust gas: were monitored con- 
tinuously and inflow gas concentrations measured at 
discrete time intervals by a Perkin-Elmer mass spec- 
trometer (Model MGA-1100). Analog signals from the 
flowmeter and mass spectrometer were continuously 
fed to a dedicated computer housed within the meta- 
bolic room. 

The temperature and humidity of the exhaust gas 
were determined through the use of wet and dry bulb 
thermometers placed in the exhaust air stream. These 
measurements and barometric pressure were entered 
into a program of the dedicated computer, which con- 
tinuously integrated flow rate and gas concentrations 
and corrected gas volume to standard conditions. This 
data retrieval and analysis system provided serial de- 
terminations of the patient's oxygen consumption, 
carbon dioxide production, respiratory exchange ratio, 
and metabolic rate. The time interval for these compu- 
tations was set between two to five minutes. Multiple 
on-line metabolic determinations provided by this sys- 
tem clearly established the development of a steady 





* Quantum Flowmeter, Quantum Dynamics, Inc., Tarzana, Cali- 
fornia. Calibration of this flowmeter was performed at the University 
of Colorado Engineering Laboratory, Boulder, Colorado. 
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TABLE 2. Systemic and Peripheral Responses to Injury 
———MMM—— —— M ——ÀÀ— Run 








Systemic Responses . Peripheral Responses 
: Oxygen Mean Mean Leg Leg Blood Leg Oxygen Leg Glucoset Leg Lactatef _ 
Cardiac Consump- Rectal Skin Surface Flow Consumption Turnover Turnover ` 
. Index tion Temp. Temp. Temperature  (ml/100 ml (ml/100 ml (mg/100 ml (mg/100 ml 
Subjects — (L/m? min) —(mi/m*: min) CO) (C) CC) leg: min) leg: min) leg: min) leg- min) 


"oru CLE M NU QUNM LM MM ML MM qoe ERN CONAMUR RR ME e L 
Controls 


2.92 127 37.1 34.3 32.6 2.0 0.065 0.040 0.129 
2 3.52 130 37.0 34.7 33.7 2.84 0.162 0.057 0.014 
3 3.99 130 36.8 34.3 33.9 2.50 0.063 0.200 —0.058 
4 329 . 119 36.9 34.3 33.8 3.10 0.205 - 0.124 —0.152 
Patients ` 
la 3.80 144 36.7 35.2 34.0 2.95 0.077 0.118 0.003 
1b 3.80 144 36.7 35.2 34.6 8.53 0.255 0.171 —0.128 
2 5.30 161* 37.9 34.9 33.8 2.61 0.144 0.157 0.050 
3a 7.43 184* 38.7 36.6 36.1 8.39 0.155 
3b 5.59 184* 37.7 35.8 35.2 7.05 0.215 
4 7.00 296 38.6 36.2 35.9 7.48 0.219 0.374 —0.090 
5 7.87 207 38.0 36.2 36.2 4.60 0.341 —0.092 0.009 
6 9.86 188 39.4 37.1 353 4.42 0.193 0.044 0.022 
7 7.34 170 37.8 35.7 34.2 3.50 0.077 0.018 —0.032 
8 8.63 217* 38.2 36.3 '36.4 8.60 0.230 0.516 —0.430 
9 6.43 197 38.1 35.7 33.9 4.04 0.185 0.081 —0.428 
10a 11.69 226 39.4 37.1 36.8 7.07 0.322 0.000 
10b 8.04 177 39.3 37.0 35.8 3.24 0.062 —0.097 —0.003 
11 8.95 226* 39.6 35.7 35.7 4.48 0.128 0.202 —0.108 
12 7.84 230* 38.3 36.0 34.8 3.17 0.307 0.000 0.051 
13 5.92 211 38.3 36.0 34.7 9.68 0.200 0.484 —0.455 
14 7.68 230* 38.3 36.3 35.7 6.24 0.230 0.000 —0.056 
15 8.93 279 38.7 36.3 35.9 6.36 0.265 0.254 —0.407 
16 8.38 258 39.0 36.7 35.3 4.93 0.186 0.099 0.025 
17 10.24 309 39.6 36.5 35.2 9.24 0.279 0.554 —0.527 
18 7.64 204 37.[2 35.8 35.8 12.21 0.144 0.000 0.073 
19 10.50 247 38.7 35.7 36.2 6.82 0.350 0.000 
20a 11.18 345 38.7 36.5 35.9 8.33 0.541 0.500 —0.142 
20b 8.06 227 38.5 36.8 36.1 10.71 0.231 —0.107 —0.418 
21 5.94 265 37.5 33.8 31.6 5.94 0.373 0.148 —0.030 


* Oxygen consumption predicted from burn size; t positive values indicate uptake, — indicates production. (See Appendix for arterial 
concentrations and individual A-V differences.) 


State respiratory gas exchange and permitted con- Calculations 
venient basal metabolic measurements in patients with 
facial burns or subjects who were asleep. Analysis of 
exhaust air collected in Douglas bags yielded results 
within +3% of the volume and gas concentrations ob- 
tained by the canopy hood system. 

At the end of the study, blood was drawn from the 
femoral vein of the leg under study through a 19 gauge 
needle. Simultaneously, arterial blood was sampled 
from the arterial catheter. Heparinized arterial and’ 
venous blood was analyzed for pH and oxygen concen- 
trations using a Corning 165 Blood Gas Analyzer. 
Simultaneous Co-oximeter? measurements of oxygen 
content were performed in over one-half of the samples 
and yielded comparable results. Whole blood glucose 
was measured by the glucose oxidase method!? and Results 
lactate by an enzymatic technique.? Hematocrit and 
hemoglobin concentrations were determined on all 
samples. All samples were measured in triplicate and Cardiac output, total body oxygen consumption, 
the average value reported. rectal and mean skin temperature all increase in a gen- 


lated by appropriately weighting nine skin tempera- 
tures according to the estimated surface area being 
represented: T,, — 0.143 T anterior thigh + 0.081 T 
posterior thigh + 0.168 T lateral calf + 0.105 T low 
back + 0.140 T forearm + 0.050 T dorsum of hand 
+ 0.315 T abdomen. Mean leg skin temperature (Tg) 
was calculated in a similar manner from five leg skin 
temperatures: T,,, = 0.365 T anterior thigh + 0.122 T 
posterior thigh + 0.250 T lateral calf + 0.083 T posterior 
calf + 0.179 T foot. Leg substrate turnover and oxygen 
uptake were calculated: Turnover = flow x (arterial 
concentration — femoral vein concentration). 


Systemic Response to Injury 


Total body mean skin temperature (Ts) was calcu- -e 


E 
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TABLE 3. The Effect of Total Body Surface Burn on the Systemic Responses to Injury (Mean and Range or S.E.M.) 





Per Cent Total Body Surface Burn 








Controls <25 25-49 >49 
Number of subjects 4 3 8 10 
Number of studies 4 5 9 11 
Age (years)* 29 . 38 30 21 
(24-35) (29-50) (18-54) (17—28) 
Weight (kg) 75.0 76.6 74.2 69.6 
(63.6—84.1) (58.6—83.5) (57.5—89.4) (53.4—82.5) 
Body surface area (m?) 1.95 1.96 1.89 1.87 
(1.72-2.06) (1.72-2.06) (1.63—2.10) (1.61—2.10) 
Per cent total body burn 0 16 38 62.5 
(1224.5) (28-48) (50-86) 
Postburn day studied — 12 ll 15 
(10—18) 9-19) (8-22) 
Cardiac index (L/m*?- min) g 3.43 + 0.22 5.53 + 0.74 8.42 + 0.54 8.39 + 0.52 
Oxygen consumption (ml/m?- min) 126 +3 168 +10 211 +13 255 +13 
Rectal temperature (°C) 37.0 x 0.1 37.8 + 0.4 38.7 + 0.2 38.4 + 0.2 
Mean skin temperature (°C) 344 +01 35.6 +. 0.4 36.3 + 0.2 36.0 + 02 


* Age and burn size were considered only once in the description of group characteristics. 


eral manner with the size of the total body surface lished since they all generally increase following injury 
burn, and may reach a plateau as the extent of injury — andarerelatedinasimilar way with the extent of injury. 
exceeds 50% of the total body surface (Tables 2 and 3). . 
Because all these systemic responses increase with Loca! Response to Injury 

burn size, they can be generally related to one another Mean leg skin temperature, leg blood flow, oxygen 
(Fig. 1). A specific cause and effect relationship among consumption, glucose uptake, and lactate production 
these systemic variables, however, cannot be estab- increased in a general fashion with the size of the leg 
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TABLE 4. Effect of Leg Burn on Peripheral Circulation and Metabolism (Mean and Range or S.E.M.) 





Per Cent Total Leg Burn 





Control <16 16-50 >50 E 
Number of subjects 4 8 6 8 
Number of studies 4 8 8 9 
Age (years) 29 32 28 25 
(24—35) (17-54) (20-40) (18-50) 
Weight (kg) 75.0 75.4 71.2 69.6 
(63.6—84. 1) : (58.6—89.4) (57.5—88.0) (53.4—83.7) 
Body surface area (m?) 1.95 1.94 1.84 1.87 
(1.72-2.06) (1.72-2.05) (1.63-2.10) (1.61-2.10) 
Per cent total body surface burn 0 34 47 54 
(12-57.5) (24.5-73) (12-86) 
Per cent total leg bum 0 5:5 30.5 69 
(0-15) (17.5-45) (52.5-82.5) 
Postburn day studied — 12 13 15 
(9-17) (8-19) (7-22) 
Mean leg skin temperature (^C) 335 +03 34.9 x 0.3 358 + 03 351 +0.5 
Leg blood flow (ml/100 ml leg: min) 2.62 + 0.23 3.83 + 0.31 6.45 + 0.67 8.71 + 0.68 
Arterial O, content (ml/100 ml) 17.87 + 0.14 15.43 + 0.81 15.54 + 0.54 14.37 + 0.37 
A-FV* O, difference (m1/100 ml) 4.51 + 0.98 4.80 + 0.92 3.49 + 0.45 3.42 + 0.61 
Leg O; consumption (ml/100 ml leg: min) 0.124 + 0.036 0.182 + 0.035 0.223 + 0.033 0.275 + 0.039 
Arterial glucose concentration (mg/100 ml) 75 +3 83 +3 101 + 14 85 +5 
A-FV glucose difference (mg/100 ml) 4 +1 2 +1 2 + 1 3 +1 
Leg glucose turnover (mg/100 ml leg- min)}t 0.105 + 0.036 0.068 + 0.033 0.126 + 0.092 0.236 + 0.083 
Arterial lactate concentration (mg/100 ml) 116 +2.1 17.8 + 3.2 16.9 + 2.4 15.8 + 2.9 
A-FV lactate difference (mg/100 ml) -O.1 +72.4 02 +0.85 -5.5 + 22 -22 +07 
Leg lactate turnover (mg/100 ml leg: min)t —0.017 + 0.059 0.002 + 0.018 —0.317 € 0.105  —0.197 + 0.071 





* Arterial-Femoral Vein. 
t Positive values indicate uptake; — indicates production. 


burn (Table 4). Leg blood flow (LBF) increased in a 
curvilinear manner with the per cent of leg burn (% LB): 
LBF, ml/100 ml leg-min = 2.990 + 0.1576 %LB 
— 0.0011 %LB?, (r? = 0.73). Leg blood flow was also 
curvilinearly related to the mean leg skin temperature 
of the extremity (r? = 0.58). Although leg oxygen con- 
sumption increased with the size of the leg burn, ex- 
tremity blood flow correlated poorly with leg oxygen 
consumption (r? — 0:16). The uptake of glucose and 
production of lactate were not significantly related to 
the oxygen consumption of the extremity. 


The Relationship Between Systemic and Local Re- 
sponses to Injury 


With the increase in the size of total body surface 
burn, there is a general increase in the size of the leg 
burn (r? = 0.43). The increase in leg blood flow, how- 
ever, was poorly related to total body surface burn 


(r? = 0.33), cardiac index (r? = 0.18), total body oxygen 
consumption (r? — 0.33), rectal or total body mean skin 
temperatures (r? = 0.08 and 0.19). Leg oxygen con- 
sumption also correlated poorly with the body tempera- 
tures (1? = 0.13 for rectal and 0.04 for mean skin) and 
cardiac index (r° = 0.28) of the patients, but maintained 
a fairly constant relationship with total body oxygen 
consumption; the oxygen uptake of one leg accounted 
for approximately 696 of the total body oxygen con- 
sumption over the wide range of measurements (Fig. 2). 


Local Factors Which Influence Peripheral Circulation 
and Metabolism 


To standardize the systemic influences on peripheral 
events and thereby identify the local factors which in- 
fluence leg blood flow, tbe patients were matched for 
age, weight, total body surface injury, and the asso- 


ciated systemic responses to injury (Table 5). One . 
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group had major leg burns (58% LB) and the other had 
minimal or no leg burns (9.5% LB). The systemic re- 
sponses to injury were comparable in both groups, as 
reflected by similar body temperatures, cardiac index, 
and total body oxygen consumption. Leg blood flow, 
however, was increased significantly by the local pres- 
ence of the burn wound. The increased leg blood flow 
was not associated with a comparable rise in limb oxy- 
gen consumption, indicating that the extra blood flow 
was not in response to increased aerobic metabolic 
demands of the limb. Glucose uptake and lactate pro- 
duction were higher in the more extensively injured 
limbs. In general, increases in glucose consumption 
and lactate production in the injured limbs were a func- 
. tion of both the increased leg blood flow and increased 


arteriovenous differences of these substances across ' 


the limbs. 


Discussion 


Previous indirect evidence suggests that much of the 
extra blood flow in the burn patient is directed to 
peripheral tissues. Gump and associates” found that 
splanchnic blood flow represented a smaller proportion 
of the total cardiac output in three burn patients than it 
did in normal individuals or patients with postopera- 
tive infection. Studies of body heat transfer in burn 
patients suggested that much of the peripheral blood 
flow was directed toward the surface.?? High super- 
ficial blood flow was apparent as burn patients main- 
tained above normal surface temperatures in spite of 
increased evaporative cooling of the burn wound. In 
addition, the coefficient of core-to-skin heat conduct- 
ance, an index of surface blood flow, was twice normal 


in burn patients studied in a variety of thermal environ- 
ments. 

Since this data and the results of previous studies** 
demonstrate that increased leg blood flow in the burn 
patient is closely related to the extent of local injury on 
that particular extremity and not found in uninjured 
legs, the increased peripheral blood flow appears to be 
directed primarily to the burn wound. Wound blood 
flow is considered a major component of the hyper- 
dynamic circulatory response to thermal injury. The 
increase in cardiac outputis related to the extent of total 
body surface injury in a manner similar to the relation- 
ship between the size of limb injury and blood flow 
(Fig. 3). Serial blood flow measurements in patients 


` with third degree wounds of the lower extremities fur- 


ther support the concept that this extra peripheral blood 
flow is wound directed. Two to three days after a full- 
thickness injury, which causes thrombosis of super- 
ficial vessels, leg blood flow is near control levels. With 
time, flow increases and, by the end of the first week, 
reaches levels predicted for the size of the leg burn. 
This increase is associated with the formation of a 
richly vascularized wound bed. In contrast, partial- 
thickness injury does not ablate the superficial vascular 
bed, and blood flow is elevated in those legs with sec- 
ond degree burns as soon as circulatory volume is re- 
stored. In addition, excision of a vascularized full- 
thickness wound to fascia results in a prompt decrease 
in leg blood flow.5 Blood flow in these limbs is restored 
to elevated levels with formation of a granulation bed 
which will accept a skin graft. 

Under normal physiologic conditions, blood flow to 
the extremity responds to variations in the oxygen de- 
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TABLE 5. Comparison of Patients With Small and Large Leg 
Burns (Mean and Range of S.E.M.) 


Small Leg Large Leg 
Burns§ Burns! 
Patient Characteristics 
Number of subjects 8 7 
Number of studies 9 7 
Age (years) 28 27 
(17-50) (18-50) 
Weight (kg) 73.2 70.1 
(57.5—89.4) (58.6-83.7) 
Body surface area (m?) 1.89 1.88 
(1.63-2.10) (1.70-2.07) 
Per cent total body sur- 40.5 42 
face burn (12-57.5) (12-61.5)' 
Per cent total leg burn 9.5 58.0 
(0—-17.5) (37.5-82.5) 
Postbum day studied 12 14 
(8-19) (7—22) 
- Systemic Responses 
Cardiac index (L/ 
m?- min) 7.82 + 0.70 746 + 0.81 
Oxygen consumption 
(ml/m*: min} 204 + 12 241 + 22 
Rectal temperature 
CC) 38.5 = 03 383 + 03 
Mean skin tempera- 
ture (C) 361 + 02 361 + 02 
Peripheral Responses 
Mean leg skin temper- 
ature (°C) 35.2 + 03 35.55 + 03 
Leg blood flow (mi/100 
ml leg- min) 4.22 + 0.43 8.00 + 0.51 
Arterial oxygen con- 
centration (ml/ 
100 mi) 15.08 + 0.40 15.29 + 0.72 
A-FV{ oxygen differ- 
ence (ml/100 ml) 4.40 + 0.87 3.08 + 0.26 
Leg oxygen consump- 
tion (ml/100 ml 
leg: min) 0.187 + 0.037 0.240 + 0.010 
Arterial glucose con- 
centration {mg/ 
100 ml) 89 + 10 81 + 4 
A-FV glucose differ- 
ence (mg/100 ml) 1 td 4 xt 
Leg glucose tumover 
(mg/100 ml leg- min) 0.037 + 0.033 0.336 + 0.077t 
Arterial lactate con- 
centration (mg/ 
100 ml) 17.2 + 34 176 + 3.6 
A-FV lactate differ- 
ence (mg/100 ml) -14 + 14 -3.6 + 0.9 
Leg lactate turnover 
(mg/100 ml leg-min) -0.060+ 0.055  -0.299+ 0.075* 


* p< 0.05; f p «0.01; p < 0.001. 

§ Patient numbers 1a, 5, 7, 9, 10a, 10b, 11, 12, and 16. 
? Patient numbers 1b, 4, 8, 13, 14, 15, 17. 

4 Arterial-femoral vein. 


mands of the limb and/or in response to thermoregula- 
tory reflexes. The elevated leg blood flow observed in 
the burned limbs of our resting patients was not in re- 
sponse to an increase in the aerobic demands of the 
limb, since no correlation could be established be- 
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tween extremity blood flow and oxygen consumption. 
Moreoever, the high blood flow to the burned surface 
was not a thermoregulatory attempt to aid head loss, for 


blood flow in the uninjured limbs of burn patients was - 


normal, suggesting that these superficial vessels were 
vasoconstricted in a manner more appropriate to the 
heat conservation efforts of the febrile patients. How- 
ever, leg blood flow was related to the size of the burn 
on the extremity, and patients with injured extremi- 
ties also demonstrated an increased glucose uptake 
and lactate production in the burned limb. This is com- 
patible with our knowledge of the morphology and 
biochemistry ofthe healing wound. Neovascularization 
is a constant feature of wound repair,”**" and the de- 
velopment of granulation tissue in the open wound cor- 
responds structurally with a dense, superficial, vascu- 
lar bed. Although granulation tissue is highly meta- 
bolic, fibroblasts, leukocytes, and new epithelial cells 
are glycolytic and demonstrate a major capacity for 
anaerobic metabolism, especially when these cells 
are not located near the developing capillary net- 
Work.7:18:19.24 

Skin blood flow in normal individuals increases ap- 
proximately fivefold if rectal temperature is artificially 
elevated to 38—39?,6 levels of hyperthermia compara- 
ble to rectal temperatures observed in these burn pa- 
tients. However, leg blood flow in the uninjured ex- 
tremity of hypermetabolic burn patients appears to be 
near normal levels. Previous evidence suggests an up- 
ward shift in the hypothalamic reference temperature 
of burn patients;??* which would exert a reflex vaso- 
constrictor drive to the skin of uninjured limbs. In 
addition, the high levels of circulating catecholamines 
observed in these patients?? provide additional vaso- 
constrictor influences to the skin. Because the vascula- 
lature of the wound is relatively insensitive to reflex 
and circulating vasoconstrictor influences,’ peripheral 
blood flow is shunted away from uninjured skin and 
directed to the wound. 

Although these total leg blood flow measurements 
are best related to increases in superficial blood flow, 
they do not allow partitioning of extremity blood flow 
into skin, muscle, connective tissue, and skeletal com- 
ponents. Thus, normal levels of blood flow to the un- 
injured extremity may be a reflection of increased mus- 
cle flow combined with decreased superficial flow, or 
simply normal superficial and deep flow. Muscle blood 
flow studies are now in progress to partition extremity 
flow. Shivering, or other limb movement observed in 
patients not included in this study, was associated with 
a marked increase in leg blood flow and oxygen con- 
sumption. This observation emphasizes the importance 
of environmental comfort to minimize energy and cir- 
culatory demands of the body during this hypermeta- 
bolic illness. 

In this study, the rate of oxygen consumption was 
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similar in burned and unburned extremities in patients 
with comparable total body oxygen consumption. Leg 
oxygen consumption in the normal and hypermetabolic 
patients accounted for an average of 5.6% of the total 
body oxygen consumption, a measured value similar to 
the estimates of 5.9% for normal man.? Moreover, 
the per cent or fraction of oxygen consumed by the leg 
was relatively constant over the wide range of total 


body oxygen consumption measured. This suggests 
that a systemic signal which controls total body oxygen 
consumption regulates the metabolic rate of the leg 
(i.e., skeletal muscle and possibly extremity fat). This 
generalized response accounts for the major oxygen 
demands ofthe extremity, and leg oxygen consumption 
is not significantly affected by the presence of a wound. 
This data, and rather limited information available on 
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hepatic oxygen consumption in burned patients,'? sug- 
gests that the hypermetabolism associated with injury 
results from a systemic or generalized increase in aero- 
bic metabolism. Partitioning the oxygen consumption 
in hyperthyroid patients yields similar results.?! In 
contrast, the increased energy demands of exercise can 
be accounted for primarily by the increase in oxygen 
consumption of the active skeletal muscles.” 

Increased glucose flow through the extracellular fluid 
compartment occurs in critically ill-patients.? Hepatic 
gluconeogensis is increased in burn patients, and glu- 
cose flow was related to the extent of burn injury when 
the patients were studied during a time postinjury simi- 
lar to the duration of this study?! Glucose flow fell with 
time to normal levels in thermally injured patients with 
closure or healing of the burn wound. The present study 
demonstrates that peripheral utilization of this large 
quantity of glucose is principal confined to the 
wound. Net glucose uptake across the uninjured ex- 
tremity is low, suggesting that fat, not glucose, is the 
primary fuel, a finding similar to that observed in nor- 
mal man.! That fat is the major oxidized body fuel for 
the entire body is confirmed by the respiratory ex- 
change ratio, which ranges between 0.70—0.76 in these 
and other injured patients. 

It has been proposed that the cellular components 
of reparative tissue (fibroblasts, macrophages, leuko- 
cytes) which participate in the inflammatory response 
and mediate wound healing are glycolytic.95!? For ex- 
ample, it has been suggested that the energy required 
for collagen synthesis is derived from anerobic gly- 
colysis in the fibroblast. The lactate produced in- 
creases proline hydroxylase activity so the fibroblast 
can increase the rate of hydroxylation and collagen 
extrusion. Studies of concentrations of glycolytic 
enzymes in granulation tissue support the concept that 
glycolysis is the most important source of energy in 
the open wound.!? While glycolysis and lactate pro- 
duction may occur in part because of an anaerobic en- 
vironment, these reparative cells may have a predomi- 
nant capacity for anaerobic metabolism independent of 
the local environment. For example, leukocytes and 


macrophages produce lactate in the presence of oxygen. 


in response to phagocytosis.” In addition, increased 
lactate production appears as a normal metabolic con- 
sequence of increased glucose utilization and may be 
related to the increased glucose consumption of the 
wound. Regardless of the precise mechanisms utilized 
by reparative tissue, glucose is consumed and lactate 
produced by the wound. This accounts for the con- 
version of six-carbon to three-carbon intermediates 
in the peripheral tissue of thermally injured patients, 
which would serve as a major source of gluconeogenic 
precursors following injury (via the Cori cycle). 
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Study of substrate balance to determine absolute 
turnover across the extremity is based on the assump- 
tions that 1) an endogenous source of substrate does 
notexistinastorage form in the extremity, and 2) either 
uptake or production, but not both, occurs in the ex- 
tremity under study. Although hepatic and muscle 
glycogen stores are depleted within the first several 
days following major injury, they may, in fact, be re- 
plenished by high-caloric feedings. Some muscle gly- 
cogen stores may exist in our patients at the time of 
study, especially in those individuals with small burn 
injuries who maintain a relatively large nutrient intake. 
If glycogen is present in the skeletal muscle, estimates 
of glucose uptake would be low. This effect, however, 
should be similar in the comparative groups of patients, 
with or without extremity injuries, that were matched 
for burn size and postburn day of study. Food intake 
and weight loss were also comparable in these two 
groups. In addition, lactate may not only be produced 
in the extremity but utilized by skeletal muscle as a 
specific fuel or alternative three-carbon precursor. But, 
once again, if these effects occur, they should be com- 
parable in the matched patient study groups. 

Substrate turnover measurements are based on the 
determination of concentration difference between 
arterial and venous blood samples. The differences in 
concentration of glucose and lactate across the leg were 
not great, and often approached the measurement error 
of the analysis. Therefore, multiple measurements 
were performed on each single sample, and the mean 
concentration of oxygen, glucose, and lactate deter- 
mined. By comparing data from groups of patients with 
burned and unburned extremities, a mean arterial- 
femoral venous difference was calculated for each 
group. By minimizing individual variations, the gen- 
eral impact of the wound on substrate turnover be- 
comes more apparent (Table 5). The quantity of oxy- 
gen utilized by the extensively injured extremities is 
sufficient to account for oxidation of the quantity of 
glucose which is consumed by the burned legs. How- 
ever, lactate is produced in the traumatized extremi- 
ties, indicating that a portion of the glucose which is 
utilized in burned limbs is metabolized by anaerobic 
mechanisms. Calculated on a weight basis, the lactate 
produced accounts for a major portion of the glucose 
consumed by the extensively injured legs. Therefore, 
these data suggest that little or no oxygen is utilized 
for glucose metabolism in the extensively burned ex- 
tremity. The oxygen consumed by the injured leg must 
be utilized to oxidize fat, which occurs primarily in the 
skeletal muscle. In the uninjured or minimally injured 
extremities, glucose consumption is minimal, suggest- 
ing that the major oxidized fuel in the uninjured extrem- 
ities (primarily skeletal muscle) is fat. This in vivo evi- 
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dence of glucose uptake and lactate production by the 
wound is similar to the in vitro data obtained in our 
laboratory when examining substrate turnover in 
biopsy samples taken from granulating wounds. In 
addition, this concept is also compatible with previous 
information describing the specific glycolytic capa- 
bilities of the specialized cells found in the healing 
wound.9$:7:13.18.19 

This study demonstrates that glucose provides a 
specific fuel for cells involved in the inflammatory 
response and wound repair. Previous evidence sug- 
gests that increased gluconeogenesis occurs in burn 
patients,? and that the rate of hepatic glucose 
production is related to the size of the total 
body surface burn and oxygen consumption of 
the patient." That oxygen consumption and glu- 
coneogenesis are interrelated is suggested by: 1) a 
decrease in both heat production and gluconeogenesis 
in burn patients during gram negative bacteremia,?99? 
2) a dose-related increase in heat production in normal 
man in response to glucagon infusion, which stimulates 
increased hepatic gluconeogenesis,? and 3) a decrease 
in oxygen consumption in normals and burn patients 
following ethanol infusion, an agent known to block 
hepatic gluconeogenesis. In the trauma patient, body 
fat is oxidized to provide the energy necessary to sup- 
port an increased rate of hepatic gluconeogenesis. Much 
of the glucose metabolized is converted to lactate and 
recycled; what glucose is oxidized is replaced by amino 
acids (primarily alanine), which arise from skeletal 
muscle and are transported to the liver to serve as addi- 
tional gluconeogenic precursors. 

This study reaffirms the priority of the healing wound 
in the body’s response to injury. Glucose serves as a 
primary fuel for granulation tissue and is not utilized 
in the uninjured limbs. The glucose which is converted 
to lactate in the wound is recycled by the liver to new 
glucose. The energy required to support hepatic gluco- 
neogenesis is most likely derived from fat, resulting in 
the production of both heat and glucose. The distribu- 
tion of the peripheral circulation following thermal 
injury transports both heat and glucose preferentially 
to the wound. The energy cost of these reparative and 
transport processes is reflected in the increased metab- 
olism and breakdown of body tissues and the hyper- 
dynamic circulation. These systemic responses are 
essential for the support of enhanced circulatory and 
metabolic demands of the healing wound. 
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DISCUSSION 


Dr. Francis D. Moore (Boston, Massachusetts): The paper 
seems to show that an unhealed burn mandates increased blood 
flow to the area, and that anaerobic glycolysis supplies locally 
critical healing tissues with energy, while the body as a whole 
continues to burn fat. The remarkable anabolic and protein- 
sparing effect of accomplished healing in burns has been noted for 
years, something we commented on in 1950, but had neither the 
tools, the knowledge, nor the understanding to clarify it, or eluci- 
date it. Wound closure lets the patient ‘‘go anabolic” in a hurry. 

Now we see the picture of a torrent of blood coming to the 
injured area yielding glucose, and taking away lactate, (an in- 
efficient mode of ATP regeneration at best) but, apparently, 
critically needed in the local area. 

Research has been defined as penetration to deeper and deeper 
levels of ignorance. So now we can ask: What is the signal? 
How does the body know that the wound is there, or that when 
it's healed and covered, all this is unnecessarv even on the first day 
after grafting? Fascinating question! 

So we'll ask Dr. Wilmore: Could it be bacteria? Bacteria are 
great lactate producers, even though they are not invasive. 
Could that be part of the problem in that unhealed burn? A nice 
thing to answer by studying a closed fracture. Have they studied a 
fracture by these same elegant techniques? 

And finally, 'could the signal be some sort of a mystical 
peptide factor, such as that mentioned by Dr. Meakins, Dr. Mac- 
Lean, Dr. Clowes, Dr. Mannick, in the meeting a day or so ago? 


Dr. Joun MangriN KINNEY (New York, New York): The 
field of surgery owes much to those who have studied the burn 
patient, for it has produced many general concepts that have 
been developed and clarified and applied to broad-scale in- 
jury. This paper on the role of the burn wound seems like a 
provocative extension of the previous outstanding work from 
the Brooke Army Unit. Like any good study, it clarifies some 
relationships, and it also sharpens the focus on some other 
questions. 

(Slide) This simply emphasizes that one can look at injury in two 
phases, as Sir David Cuthbertson has: the early shock, or ebb 
phase, followec in about 48 hours by the hypermetabolic, or 
flow phase. The extremely high resting energy expenditure of the 
burn patient is emphasized here, compared with what one might 
expect with a major fracture. 

(Slide) The second slide shows that at the height of this 
energy expenditure in the burn patient, as was referred to in 
this present paper, there is more than just a high energy expendi- 
ture. In fact, there is sort of a metabolic triad going on. It's 


very interesting that the resting energy expenditure, the nitrogen 
excretion, and the blood sugar (not just the concentration, but the 
flow, as referred to by Dr. Wilmore) seems to move together. 
In starvation all three of these go down. In injury they tend to go up 
some. And in studies, at least, of abdominal infection they appear 
to go up, and they go up and stay up and come down approximately 
in parallel. 

Now, this doesn't mean that they are necessarily more than 
associated in time, and we very much need information on which 
of these is causal to the other. I think this is one of the very 
important contributions of this paper, to help give us insight into that 
central column. i 

Now, of course, these have to do (shown on the slide) with the 
whole body. If we think for a moment about the fact that that 
central third under "injury" might be divided into two parts; 
the whole body, shown here, and another parallel column referring 
to the burn wound——in that case, the resting energy expenditure, 
as Dr. Wilmore said, would be assumed to be approximately the 
same shape and size as the increase, whereas the blood sugar or 
glucose flow would be markedly increased, because it's uniquely 
related to the area of the burn wound. 

What the present study does is to relate the increased resting 
blood flow to the wound and to glucose flow for glycolysis. It 
separates the wound from the high oxygen uptake, thus dissociating 
oxygen uptake and blood flow, which we have always tended to 
put together. The authors suggest that the high oxygen consump- 
tion is the result of oxidizing fat throughout the body, and that 
that in part may be necessary to pay the energy debt for the 
increased gluconeogenesis. After all, this is an energy-requiring 
process. It may well contribute to the high energy expenditüre. 

However, previous studies at Columbia by Gump and co- 
workers, using hepatic vein catheterization indicate that the 
splanchnic area, at least in abdominal sepsis in a few burn patients, 
could account for no more than approximately half of the whole 
body increase in the resting energy expenditure. In short, what- 
ever the energy needs are, they appear to be distributed in in- 
creased fashion, at least, this appears true of the substrate oxida- 
tion process involved. It's more than just a hepatic problem. 

I would like to emphasize several questions that I think this 
beautiful study has brought to our attention. First of all, I would like 
Dr. Wilmore to comment on how comparable he feels the burn 
wound is to other forms of injury, such as multiple fractures or 
abdominal sepsis. 

Secondly, glucose flow, indicated at the bottom, is comprised 
of three parts: the glucose which is used for oxidation, the 
glucose that is used for recycling to lactate, or glycolysis, and 
thirdly, the glucose that is needed for accelerated synthesis, the 
nonessential amino acids, the glycoproteins, and so on. 1 wonder 
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if he has information, or would speculate, on the distribution of 
these three when the flow is increased. 

The same question as Dr. Moore has emphasized: What is the 
signal which apparently, according to the work of Dr. Wilmore, 
is signalling the brain stem to set in train a neural endocrine 
process that has all these peripheral effects? And fourthly, does 
he have evidence that the glucose loading, such as one gives in 
TPN, influences this process? 


Dr. Bovp WITHERS HAYNES, JR. (Richmond, Virginia): I have 
had a long interest in hemodynamic aspects of bum patient 
management, and would like to recall a few things relating to 
this as it concerns Dr. Wilmore's beautiful presentation. 

(Slide) If one measures cardiac output, expressed here as cardiac 
index, and relates it to total peripheral resistance, one finds that 
at the beginning of the incident of injury the cardiac index is 
usually low, but progressively increases with time in the patient 
who does well following his injury. In the patient who does poorly 
following his injury, it does not follow this typical kind of course. 
Also, the blood volume, particularly plasma volume, expands in a 
parallel course to this. 

(Slide) These data are part of a pattern of hemodynamic re- 
sponse to burn injury, briefly summarized. In the acute period there 
is a decreased blood volume and output, an increased resistance. 
In an intermediate period, which ordinarily begins at about two 
days, and may last to healing (or to Phase 3), characterized by 
normal blood volume and blood pressure, increased plasma volume 
and cardiac output, and Phase 3, the terminal stages, which can 
occur ordinarily, about four days to three weeks after injury, where 
there is a falling blood pressure and cardiac output, with an in- 
creased blood volume, characteristically. 

(Slide) Another interesting hemodynamic event which occurs, 
particularly in the terminal stages, is that the cardiac index 
may be well maintained by normal standards when the mean blood 
pressure is quite low; so that one effect of this marked and repe- 
titive response is to maintain a high cardiac output in spite of a 
failing blood pressure. 

Dr. Wilmore has added to these data significantly by dissecting 
out metabolic events that are happening in a local tissue 
area. It is apparent when one observes such wounds progres- 
sively over a period of time that they are becoming increasingly 
vascularized. If you incise one, it bleeds profusely. The patient 
is obviously working very hard to maintain a high volume flow 
through the burn wound. 

I think the data that Dr. Wilmore has presented us is a significant 
addition to our knowledge. 


Dg. GEoRGE H. A. CLowes, Jr. (Boston, Massachusetts): 
I would like to relate this paper to some extent to the general 
problem of injury and sepsis. One must note that Dr. Wilmore 
Stated very clearly in the second line of his abstract that these 
were noninfected burns. 

He is looking at the effects of the local inflammatory processes. 
I should like to make several points concerning the difference 
between the major septic state and this inflammatory response 
as such. 

The septic state profoundly affects tissues in other parts of the 
body. Recently, in the Surgical Clinics of North America, the 
October issue, we summarized studies similar to these which were 
carried out in septic patients. 1 would draw to your attention 
the fact that Dr. Wilmore finds that the local blood flow in 
the burn wound to be more or less doubled. The oxygen 
consumption rises proportionately, but the important thing is the 
huge increase in lactate. 

He doesn't find these changes in the leg which has not been 
burned. Neither are there significant metabolic changes. In other 
words, in the nonseptic bums there are no large systemic 
effects. 

In major sepsis, by contrast, Dr. Albrecht and I showed some 
time ago that there are similar changes in a septic leg if an 
abscess is created there to what Dr. Wilmore found; however, in 
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other tissues, the blood flow (particularly in muscle) does rise, 
oxygen consumption rises, glucose consumption rises moderately, 
but, very importantly, lactate production is markedly increased 
above normal in noninvolved areas. This pattern must be related 
to some material being circulated in the blood which induces such 
metabolic abnormalities in tissues distant from the septic focus. 

These findings suggest, then, that what we are looking at is a 
progression from the uninfected injury, to inflammation, and thence 
to the effects of generalized sepsis. Dr: Wilmore has filled in the 
middle of the picture, and added the effect of healing. 

What are the clinical implications of this? The most important is 
that the injurv, as you have seen, causes a low peripheral vas- 
cular resistance established in the local area of the injury, but when 
it comes to major sepsis, in other areas, the body must main- 
tain a high cardiac output to satisfy this huge circulatory 
demand. If the body doesn't it's just as simple as this: The 
people die. 

So, therefore, the first important thing is to maintain the 
circulation, by whatever means are necessary, to satisfy this 
demand. 

The second part of it is the inefficient use of substrates. Dr. 
Wilmore has also demonstrated for you the production of lactate. 
Glycolysis is a very inefficient use of glucose and therefore we 
have to satisfy the added caloric need. 

We happen to believe that this can be done by the supply of 
amino acids in sufficient quantity, as shown long ago by Drs. Rhoads 
and Dudrick. At the same time one must supply adequate calories. 
This can be done by glucose. And more recently we find that a 
combination of glucose and fat can do exactly the same thing. 

In any case, the next most important thing is to eliminate 
the septic focus, or inflammatory focus, and accomplish healing, 
as Dr. Moore pointed out. This eliminates the circulating active 
agents which injure tissues elsewhere in the body. 


Dr. D. W. WiLMonE (Closing discussion): Much of our work 
is really built on the foundations laid by the discussants. We 
owe a great debt of thanks to them for all their previous re- 
search work that allowed the development of this present study. 

Dr. Moore, of course, raised the key question as to the nature 
of the afferent signal. We don't know what the signal is, but 
we have some thoughts about the signal. We have studied patients 
whose wounds have been denervated, and they continue to have 
the posttraumatic metabolic response. We can blunt the response by 
using general anesthesia and putting the patients to sleep, but we 
cannot blunt the response with salicylates or other drugs which 
affect central temperature regulation. 

This data suggests that the injury response is mediated by a 
circulating factor. . 

Serum from the burn patient placed in the hypothalamus of 
rabbits causes a febrile response. This substance meets all the known 
criteria to be endogenous pyrogen, or that pyrogen that’s made by 
the body’s own tissues—white cells, macrophages, and the like. 

It appears the inflammatory process in the wound is elaborating 
mediators that signal the body to initiate the systemic response. 

Are bacteria involved in generating this signal? We have studied 
closed wounds, and similar responses are observed, but they are 
not as dramatic as in a patient with a large granulating open 
wound. It doesn’t appear that bacteria are necessary to elicit the 
response. 

Dr. Kinney noted that this study, together with his observations 
of hepatic oxygen consumption, confirm that the response to 
injury is, in fact, a systemic, multi-organ response. The response 
is similar to those patients with thyrotoxicosis; hypermetabolism 
occurs in all the organs of the body. The leg in our studies 
represented a fixed percentage of oxygen consumption. The liver 
likewise accounts for a portion of the hypermetabolism. 

How comparable is our model to other forms of injury? These 
patients are not infected and therefore this data is not comparable 
to those studies of septic man but our model seems to be quite 
comparable to other forms of injury and localized infection. 
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Approximately two thirds of the glucose that is produced by the 
liver comes back from the wound as lactate to be recycled as 
. glucose; approximately 15-35% of the body glucose appears to be 
oxidized. 

Of course, there are other organs that are obligate glucose 
utilizers: the brain, red cell, white cell, peripheral nerves and 
renal medulla. But we can account for about two thirds of the 
glucose that is synthesized by the liver to be recycled. 

What is the effect of nutrient loading upon this glucose re- 
cycling? Exogenous glucose loading provides another 6 carbon 
source, but does not decrease the increased rate of glucose 
cycling. In these patients nitrogen sparing occurs with the adminis- 
tration of glucose, but not fat emulsions. This and other evidence 
suggests that the body will not adapt to starvation following 
severe injury by decreasing gluconeogenesis, possibly because the 
wound requires this increased quantity of glucose for healing. 

Our circulatory studies were, of course, based on the earlier work 
by Dr. Haynes and Dr. Clowes. It’s interesting to note that the 
uninjured extremity in the bum patient has a normal blood flow. 
Blood is selectively channeled to the areas of injury. 

Now, we should be careful not to overinterpret this result, 
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simply because measurement of a whole-leg blood flow, as we 
demonstrated here, does not partition the blood flow. It doesn't say 
how much blood is going to skin and how much is going to muscle. 

. We are presently partitioning blood flow in these extremities using 
S3Xenon, to measure muscle blood flow. Preliminary evidence 
demonstrates that blood flow to the muscle is normal in both 
patients with burned and unburned extremities. The alterations 
we observe in peripheral blood flow are primarily changes in 
flow to the surface that are the result of surface injury. 

The sympathetic nervous system seems to cause vasocon- 
striction in the normal skin, directing blood to the wound, re- 
sulting in the torrent of flow, as emphasized by Dr. Moore. 

Finally, as Dr. Clowes pointed out, these patients are very 
different from those patients with signs of generalized sepsis 
(positive blood stream cultures) and they should be placed in 
the spectrum of a series of patients with alterations in metabolism 
and circulation in response to injury and infection. However, 
these patients were selectively studied to demonstrate the specific 
effects of injury on metabolism and circulation; we observed 
high blood flow specifically to the site of injury, and noted that 
the wound selectively takes up glucose and produces lactate. 
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Arterial Concentrations and Arterial-femoral Venous Concentration Differences 























Oxygen Whole Blood Glucose Lactate 
A-FV* A-FV* A-FV* 
Arterial Difference Arterial Difference Arterial Difference 
(m]/100 ml) (m]/100 ml) (mg/100 ml) (mg/100 ml) (mg/100 ml) (mg/100 mi 
Controls 
18.00 3.21 73 2 16.8 6.4 
2 18.12 5.72 76 2 6.6 0.5 
3 17.88 2.51 83 8 12.8 -2.3 
4 17.49 6.61 68 4 10.4 —4.9 
Burns 
la 16.58 2.62 68 4 15.2 0.1 
Ib 16.58 2.99 68 2 15.2 -1.5 
2 20.04 5,51 88 6 19.1 1.9 . 
3a 15.60 1.85 
3b 15.56 3.05 
4 14.29 2.93 94 5 9.9 -1.2 >- 
5 13.32 7.41 82 -2 6.0 0.2 
6 13.78 4.37 99 1 13.5 0.5 
7 ` 17.02 2.19 86 0.5 13.2 —0.9 
8 18.98 2.68 89 6 18.1 —5.0 
9 15.52 4.57 170 2 9.9 —10.6 
10a 15.28 4.56 84 0 
10b 15.29 1.91 70 -3 18.3 -0.1 
11 14.36 2.86 86.5 4.5 25.8 —2.4 
12 14.11 9.70 77 0 35.9 1.6 
13 14.35 2.07 83 5 8.6 —4.7 
14 15.20 3.69 75 0 36.5 —0.9 
15 13.76 4.16 90 4 21.3 —6.4 
16 14.21 3.78 80 2 13.5 0.5 
17 13.89 3.02 68 6 13.4 —5.7 
18 12.39 1.18 84 0 14.9 0.6 
19 14.33 5.14 102 0 
20a 14.16 6.50 85 6 9.3 -1.7 
20b 14.45 2.16 84 -1 20.9 —3.9 
21 14.04 6.28 121 2.5 13.6 —0.5 
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Apprehension and reaction to 
pain make up the other very 
important half. And Synalgos-DC 
is the analgesic that treats both 
halves of the pain problem: 
Promethazine helps relieve ap- 
prehension and reaction to pain, 
while the analgesic components 
help relieve moderate to mod- 
erately severe pain* 

Synalgos-DC contains dihydro- 
codeine, a semi-synthetic 
narcotic analgesic related to 
codeine, with multiple actions 
qualitatively similar to codeine. 
(ui status permits telephone 
prescriptions and authorized 
refills up to 5 times in 6 months 
(unless restricted by state law). 


Drocode (dihydrocodeine) bitartrate 16.0 mg. (Warning: May 
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PROPER CARE AND PRECAUTIONS 
FOR YOUR PLASTER CAST 





PRACTICAL 
ADVICE 


At A. H. Robins, we 
believe that making it 
easier for the patient to 
follow your instructions is 
just as much our obliga- 
tion as providing you with 
useful pharmaceutical 
products. 

And making it easier— 
for both of you— is the 
whole idea of this first in 
a series of Phenaphen 
Patient Pads: convenient, 
preprinted instructions 
ready for you to tear off 
and personalize with any minor 
changes you feel necessary or 
desirable for the patient with a 
plaster cast. 

Informative patient aids can 


“educe legal risksfor the physician 


as much as 50%** But even more 


mportant, when your instructions 


are written, they’re more likely to 
2e remembered...and followed. 
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POTENT 
ANALGESIA 


PHENAPHEN 
CODEINE No.3 


Codeine Phosphate, USP — 30 mg 
(Warning: Mey be habit-forming) 
Acetaminophen, (ISP —325 mg 
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"The black and green capsule 
with codeine? 


€ ^ pharmaceutically elegant capsule 
@ Easier to swallow than a tablet 
@ Economical for the patient 













And that’s what good medicine is 
all about. 

To order a supply of these pads, 
write "Phenaphen Casts Pad” on your Rx blank and mail to: 
?henaphen Service to Surgery, A. H. Robins Company, 
1407 Sherwood Avenue, Richmond, Va. 23220. 
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Phenaphen" with Codeine No. 2 
Codeine Phosphate, USP — 15 mg 
(Warning: May be habit-forming) 
Acetaminophen, USP —325 mg 
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*henaphen’ with Codeine No. 3 


Codeine Phosphate. USP—30 mg 
(Warning: May be habit-forming) 
Acetaminophen, USP —325 mg 
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*henaphen with Codeine No. 4 
Codeine Phosphate, USP —60 mg 
(Warning: May be habit-forming) 
Acetaminophen, USP—325 mg 


Indications: Phenaphen with Codeine 
No. 2 and Phenaphen with Codeine 
No. 3 are indicated for the relief of mild 
to moderate pain. Phenaphen with Codeine No. 4 
is indicated for the relief of moderate to severe pain 
Contraindications: Hypersensitivity to acetamino- 
phen or codeine 
Warnings: Drug dependence. Codeine can pro- 
duce drug dependence of the morphine type and 
may be abused. Dependence and tolerance may 
develop upon repeated administration; prescribe 
and administer with same caution appropriate to 
oral narcotics. Subject to the Federal Controlled 
Substances Act 

Usage in ambulatory patients. Caution patients 
that acetaminophen and codeine may impair men- 
tal and/or physical abilities required for perform 
ance of potentially hazardous tasks such as driving 
a Car or operating machinery 

Interaction with other CNS depressants. Patients 
receiving other narcotic analgesics, general anes- 
thetics, phenothiazines, tranquilizers, sedative- 
hypnotics or other CNS depressants (including 
alcohol) may exhibit additive CNS depression 
when used together reduce dose of one or both 

Usage 'n Pregnancy. Safe use is not established 
Should not be used in pregnant patients unless 
potential benefits outweigh possible hazards 
Precautions: Head injury and increased intra- 
cranial pressure. Respiratory depressant effects of 
narcotics and their capacity to elevate cerebrospinal 
fluid pressure may be markedly exaggerated in the 
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presence of head injury, other intracranial lesions 
or a pre-existing increase in intracranial pressure 
Narcotics produce adverse reactions which may 
obscure the clinical course of patients with head 
injuries 

Acute abdominal condition. Acetaminophen and 
codeine or other narcotics may obscure the diag 
nosis or clinical course of acute abdominal 
conditions 

Special risk patients. Administer with caution to 
elderly or debilitated patients and those with severe 
Impairment of hepatic or renal function, hypo- 
thyroidism, Addison's disease and prostatic hyper 
trophy or urethral stricture 
Adverse Reactions: Most frequent are lighthead 
edness, dizziness, sedation, nausea, and vomiting 
more prominent in ambulatory than in nonam 
bulatory patients: some may be alleviated if patient 
lies down; other: euphoria, dysphoria, constipation 
and pruritus 
Drug Interactions: CNS depressant effect may be 
additive with that of other CNS depressants. See 
Warnings 

For symptoms and treatment of overdosage and 
full prescribing information, see product literature 
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Theres no room for 2nd best 
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. in the operating room or in the surgeon's library. 
Saunders has published reliable surgical references 
since 1888. Names you recognize as the leaders in the 
field such as Converse's Plastic and Reconstructive 
Surgery, and Emmett’s Clinical Urography. Here are 
some new editions and titles you may want to examine 
on 30-day approval. 





RUTHERFORD: Vascular Surgery 


All of today's knowledge in the field is consolidated here into one 
superb volume. Its 1401 pages cover every important topic from 
new developments such as arterial autografts, and microvascular 
surgery, to common yet vital topics including limb-reimplantation, 
popliteal artery entrapment, splanchnic artery aneurysms, and clin- 
ical uses of the umbilical vein. There's no other book like it. 

Edited by Robert B. Rutherford, MD, Prof. of Surgery, Univ. of Colorado 
School of Medicine. Associate editors: Victor Bernhard, MD; Frank Maddi- 
son, MD; Wesley S. Moore, MD, Malcolm Perry, MD; and David Sumner, 


MD; with 88 contributors. 1401 pp. 762 ill. $65.00. Aug. 1977. 
Order 4 7855-6. 


DRIPPS, ECKENHOFF & VANDAM: Introduction to 
Anesthesia: The Principles of Safe Practice, 
5th Edition ° 


Respected as both a text and reference, this 5th edition has 
undergone a most thorough revision. It discusses many accepted 
new drugs and techniques including: new preanesthetic medica- 
tions, general and local anesthetics, and neuromuscular blockers; 
new methods of monitoring; as well as the latest concepts in 
pediatric, prenatal, neonatal and obstetric care. A new chapter 
describes anesthetic equipment. 

By the late Robert D. Dripps, MD, formerly Vice-President for Health Affairs 
and Prof. of Anesthesia, Univ. of Pennsylvania School of Medicine; James 
E. Eckenhoff, MD, Dean and Prof. of Anesthesia, Northwestern Univ. 
Medical School; and Leroy D. Vandam, MD, Prof. of Anaesthesia, Harvard 
Medical School. 557 pp. 115 ill. $13.50. Aug. 1977. Order 4 3193-2. 


To order titles on 30-day approval, 
enter order number and author: 


CONVERSE: Reconstructive Plastic Surgery: 
Principles and Procedures in Correction, 
Reconstruction and Transplantation, 2nd Edition 


For this completely revised new 2nd edition, Converse—the world- 
recognized prime plastic surgery reference—has expanded to 
seven vital volumes. It brings you the latest clinical know-how and 
precise instruction of 128 experts. And, hundreds of new photo- 
graphs and drawings precisely depict technique. Coverage ranges 
from flap surgery to microscopic nerve repair, and includes every- 
thing in between too! 


Edited by John Marquis Converse, MD, Lawrence D. Bell Prof. of Plastic 
Surgery; Asst. Editor: Joseph G. McCarthy, MD, Asst. Prof. of Surgery; both 
of N.Y.U. School of Medicine; Editor, Section on the Hand: J. William 
Littler, MD, Chief of Plastic and Reconstructive Surgery, The Roosevelt 
Hospital, N.Y.C.; with 128 contributors. Seven vols. totaling: 3970 pp. 
3699 ill. $250.00. July 1977. Order «2691-2. 


ALEXANDER & GOOD: Fundamentals of 
Clinical Immunology 


Brief yet comprehensive, this new book reviews the principles of 
immunology and their applications in clinical practice. More care- 
fully integrated and less repetitive than multi-authored texts in 
immunology, it gives you quick, easily read background on basics 
and lab tests, and pertinent discussion of infections, cancer, trans- 
plantation, transfusion, and more. 


By J. Wesley Alexander, MD, ScD, Prof. of Surgery and Director, Transplan- 
tation Div., Univ. of Cincinnati Medical Center and College of Medicine; and 
Robert Good, MD, PhD, President and Director, Memorial Sloan-Kettering 
Cancer Center. About 335 pp. lllustd. Soft cover. About $11.00. 
Just Ready. Order #1101-X. 


WITTEN, UTZ & MYERS: Emmett's Clinical 
Urography: An Atlas and Textbook of 
Roentgenologic Diagnosis, 4th Edition 


Totally new chapters in this most comprehensive of revisions in- 
clude renal mass puncture, ultrasonography, computed tomog- 
raphy, renal parenchymal disease and renal failure. Hundreds of 
outstanding new illustrations have been added too! It remains 
today's conclusive treatise on urographic diagnosis, and belongs in 
every radiologist's, nephrologist's, and urologist's library. 
By David M. Witten, MD, FACR, Prof. and Chairman of Diagnostic Radiol- 
ogy, Univ. of Alabama School of Medicine; David C. Utz, MD, FACS, Prof. of 
Urology, Mayo Medical School; and Chairman of Urology, Mayo Clinic; and 
George H. Myers, Jr., MD, Clinical Prof. of Surgery (Urology), Univ. of 
Kansas School of Medicine; with 24 contributors. Three vclumes totaling: 
About 2465 pp., 2920 ill. About $110.00. Just Ready. 

Order 4 9472/73/74. 


GELB: Clinical Management of Head, Neck and 
T.M.J. Dysfunction: A Multi-Disciplinary Approach 
to Diagnosis and Treatment 


Understanding of headaches, back pain and similar complaints has 
been totally revolutionized by recent research on the clinical impact 
of T.M.J. dysfunction. Here, a panel of recognized experts— 
including dentists and oral surgeons, orthopedists, endo- 
crinologists, otorhinolaryngologists, and psychiatrists—examine 
every significant aspect of the problem. 

By Harold Gelb, DMD, Clinical Prof., College of Medicine and Dentistry of 
N.J.; Director, Temporomandibular Joint Clinic, Dept. of Otolaryngology, 
N.Y. Eye and Ear Infirmary; with 13 contributors. About 640 pp., 370 ill. 
About $50.00. Ready Nov. 1977. Order #4072-9. 
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B-D INTRODUCES 
A SIMPLE, EFFECTIVE 
TREATMENT FOR 
ASCITES. 


O Reduces Ascitic Fluid Build-Up’ 
O Compatible With Medical Management" 
L Helps to Reduce The Length 
Of Hospital Stay* 
[.] May Relieve Many Uncomfortable 
side Effects Of Ascites'^ 
[] Applicable For Ascites Of Varying Etiology” 


3 


" 
rt 











How The Shunt Works. The LeVeen 
Peritoneo-Venous Shunt has three main 
components—an intraperitoneal tube, a 
one-way pressure-activated valve, anda 
venous tube. After the device has been sur- 
gically implanted, ascitic fluid enters the 
holes in the intraperitoneal tube, flows 
through the one-way valve and empties into 
the superior vena cava through the venous 
tube. The fluid is propelled through the 
shunt when a positive pressure gradient of 
at least 3 cm of water is created between 
intraperitoneal and central venous pressures. 


Results Of Shunt Use. Studies ' * ? * performed to date have shown that 
within a few days post-operatively, patients usually experience: 


O reduced girth 








O reduced BUN levels 
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O reduced body weight I 
decreased incidence of encephalopathy and hepatic coma due to 
improved renal function O greater overall mobility 


_) reduced plasma creatinine levels 
rise of plasma protein levels toward normal © greater ease of breathing 
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The shunt is desig ) te the 
accumulation of ascitic fluid int placement 
should be considered for tre ent of ascites 
complicating the following conditions 


i. Cirrhosis 

Budd-Chiar: Syndrome 
Chylous Ascites 
Nephrogenic Ascites 
Biliary Atresia 
Amyloidosis 
Cryptogenic Ascites 
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Contraindications For Use: 

In certain patients, the LeVeen Peritoneo- 
Venous Shunt will not be effective. or may be 
contraindicated because j 
complications that outweigh its benefits 
These conditions are 





1. Peritonitis. This should a 
pected when the perito fluid is turbid 
Peritonitis can occur without the usual 
signs and symptoms in patients with ascites 

2. Esophageal Varices With A Recent History 
Of Bleeding If ascites an eal bleed 








| increased urine output 


3. Renal Failure. The shunt will not 
the renal da e in patients 
tubular necrosis or other typ 

renal failure E 












tubules are functional and may respond 
to a shunt 
4. Bilirubin level above 10 mg/dl 


Cautions: 


1. Esophageal Varices Without Recent Bleed- 


ing. In patients whose varices hav 
treated surgically, the shunt may be 
effective 

2. Neoplastic Ascites. The LeVeen Feritoneo- 
Venous Shunt has been used with success 
in patients with intractable ascites associ- 
ated with primary or metastatic intra- 
abdominal neoplasms.3 The use of the 
shunt in such patients requires weighing 
the shunt's potential benefits against the 
possible hazard of generalized dissemina- 
tion of neoplastic cells which are commonly 
present in the ascitic fluid of these patients 

3. Associated Cardiac Disease. Cardiac 
patients may be sensitive to increased 
blood volume due to sudden recirculation 
of large quantities of ascitic fluid. Removal 
of accumulated ascitic fluid from the 
abdomen at the time of shunt placement 
may be indicated in such patients 
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Twenty patients with metastatic renal cell carcinoma and 
nine patients with minimal residual disease (MRD) but at 
high risk for recurrence following nephrectomy received 
weekly four milligram intradermal injections of purified 
RNA extracted from lymphoid organs of sheep immunized 
with human renal cell carcinoma. Eighty-six consecutive 
UCLA patients with metastatic renal cell carcinoma served 
as retrospective controls. Survival between subpopulations in 
each group matched by computer according to extent and 
location of metastases, age, sex, and interval between neph- 
rectomy and occurrence of metastases were compared by 
Life Table Analysis. Survival was significantly greater in 
RNA-treated patients (P < .05) who had multiple metastases 
limited to the lungs when compared with matched controls. 
RNA therapy did not influence survival of patients with 
metastases to other sites (bone, brain, liver, lymph nodes, 
or skin) or multiple organ involvement. All nine MRD patients 
treated with RNA remained free of recurrence for a mean 
observation period of 18 months, range ten to 34 months. 
No significant toxicity was observed. Changes in skin test 
responses were related primarily to tumor burden. Increased 
lymphocyte mediated cytotoxicity in RNA recipients was 
associated with a somewhat improved survival period. Changes 
in absolute lymphocyte counts had no correlation with clinical 
-course, and complement fixing antibody generally decreased 


after excision of tumor, was absent in patients with pro- . 


gression, and was present in low levels in patients with a 
favorable clinical response. RNA therapy may be of value in 
selected patients with metastatic renal cell carcinoma, and as 
an adjunct to definitive surgery. 


Te MEDIATION OF IMMUNE REACTIONS by lymph- 
oid ribonucleic acid has been accomplished in a 
variety of animal systems since first described by 
Fishman and Adler in 1961.17” Common to most of 
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these experimental models has been an extraction of 
RNA from the lymphoid tissues of specifically im- 
munized donors, an intimate association of non- 
immune lymphoid cells with the immune RNA, usually 
by incubation; and the subsequent demonstration of 
an immune response in the RNA-treated cells identi- 
cal to that which had been induced in the RNA donor. 

Several pertinent observations could be made as the 
field expanded. First, it was possible to cross species 
barriers with the adoptive transfer of immunity by 
immune RNA, as RNA from a donor of one species 
could induce immune reactions in the lymphoid cells 
of another. Second, reactions against tumor-asso- 
ciated antigens could be demonstrated in vivo and in 
vitro in animals receiving appropriate RNA therapy, 
and by RNA-induced, lymphocyte mediated cytotox- 
icity reactions against a variety of human tumors 
in vitro. Third, the RNA preparations were effec- 
tive after direct injection into animals, and no apparent 
toxic reactions occurred.” Indeed, the most likely 
clinical application for immune RNA would seem to 
be in the immunotherapy of malignancy. It is the only 
current immunotherapy system which attempts to 
utilize the immunologic potential of donors from 
another species, and the RNA donors can be im- 
munized directly with human neoplasms. 

Patients with metastatic renal cell cancer have 
exhibited rare but documented spontaneous regres- 
sions of lesions in the past. Occasionally erratic growth 
patterns of metastatic foci are observed, and not un- 
commonly a very long interval between primary treat- 
ment and development of metastases has been noted. 
These observations have caused speculation that this 
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Fic. 1. Schema of the steps involved in the production of sheep 
immune RNA for human injection. 


disease may be responsive to immunologic tumor-host 


factors. In addition, currently no proven effective © 


systemic therapy has been devised in this disease. 
Thus it appeared that patients with renal cell cancer 
might be appropriate for evaluation of such a new im- 
munotherapy modality as RNA. It is the purpose of 
this report to present our experience in 29 patients 
with renal cell carcinoma who have received weekly 
injections of immune RNA, some for as long as three 
years. 


Materials and Methods 


Injection of Sheep RNA Donors, Preparation of the 
RNA, and RNA Purification 


Xenogeneic RNA was prepared from the lymphoid 
tissues of sheep which had been immunized with 
renal cell carcinoma. When available, the patient's 
own tumor was used. However since when first seen 
most patients had had their primary removed, in most 
instances a renal cell carcinoma from another patient 
was utilized. A thick suspension of viable renal cell 
carcinoma cells was blended with an equal volume of 
complete Freund's adjuvant and injected intradermally 
into all four extremities of a sheep at weekly inter- 
vals for four consecutive weeks. Ten days after the 
last injection the animals were sacrificed and the 
spleen and nodes were removed and quick-frozen on 
dry ice. RNA was extracted using hot phenol as pre- 
viously described.5 The RNA was reprecipitated 
from solutions which were made 2M in respect to 
potassium acetate and were treated with pronase to 
remove contaminating protein. Following a third 
precipitation with potassium acetate, the RNA was 
dialyzed against sterile distilled water, was then ster- 
ilized by passage through 0.22 mc milipore filters, 
and was lyophilized (Fig. 1.). 
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The RNA preparations were analyzed for RNA, 
DNA, and protein concentration as previously de- 
scribed. The treatment with pronase reduced the 
protein concentration to an undetectable level. The 
sterility of each preparation of RNA was determined 
by bacterial and fungal cultures. In no instance was 
any preparation contaminated. The integrity of the 
RNA was determined by disc gel electrophoresis as 
previously described.* Preparations which were 
found to be degraded were discarded, although this 
was a rare occurrence. The RNA was stored at —40°, 
although lyophilized preparations which had been 
stored at room temperature for 30 days have been 
found to have undergone no degradation when sub- 
jected to repeat disc gel electrophoresis. 


Patient Selection 


Twenty patients with advanced metastatic renal 
cell carcinoma received RNA. These patients ex- 
hibited objective evidence of pulmonary, osseous, 
brain, hepatic, nodal, or skin and subcutaneous metas- 
tases. In approximately one-third of these, biopsy con- 
firmation was obtained. In the remaining situations, 
particularly when tissue was difficult to obtain, clini- 
cal course and at least one objective test consistent 
with metastasis was accepted as diagnostic. 

In addition, nine patients received immune RNA who 
had been rendered free of all gross disease by sur- 
gery, but whose findings at operation suggested a high 
likelihood of developing recurrence, or the presence 
of concurrent or micrometastatic disease. These find- 
ings included tumor resected from the diaphragm at 
nephrectomy, positive lymph node metastases, cap- 
sular involvement at time of primary nephrectomy, 
and patients who had undergone resection of local 
recurrence or metastatic foci of tumor. These patients, . 
considered to be at high risk to develop recurrence 
were designated as having minimum residual disease 
(MRD). The average age of all patients was 58 years. 
The average treatment period has been 15 months. 


Administration of RNA 


Immediately prior to administration, the lyophilized 


“RNA was resuspended in sterile saline and injected 


intracutaneously in multiple wheels of 0.1 ml about 
the lymph node-bearing areas of the groins or axillae. 
Doses of RNA have ranged from two milligrams a 
week to 40 mg per week in single or divided doses. 
However, in the last 14 months, the standard dose has 
been four milligrams per week. 


Immunologic Testing 


Delayed cutaneous hypersensitivity reactions were - 
assayed by challenging patients with DNCB and com- 
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mon skin test antigens. Dinitrochlorobenzene (DNCB) 
was applied to the skin as a 2000 mcg sensitizing 
dose, followed by challenges of 100, 50 and 25 mcg 
doses 14 days later. Subsequent challenges were ad- 
ministered at eight to ten week intervals, the dosage 


being significantly reduced if reactivity remained - 


strong. Reactions were graded on a scale of one to 
four, and the total DNCB score was ascertained by 
correlating cutaneous response with size of the dose 
administered, resulting in a numerical scale of one to 
ten as previously described.? Intradermal responses to 
challenges of the common antigens PPD, mumps, 
monilia and streptodornase were assayed also. 

Lymphocytes were obtained from each patient prior 
to therapy and at two-month intervals. These lympho- 
cytes were separated from 120 ml of heparinized 
blood, layered on ficoll-isopaque gradients, and di- 
luted 1:1 with phosphate buffered saline. The density 
of the ficoll-isopaque solution was 1.077 g/ml. One 
ml aliquots were frozen at 1? per minute using a 
Linde biological stepdown freezer, and lymphocytes 
were stored in the vapor phase of the liquid nitro- 
gen freezer. After preparation for use in this assay, 
viability as determined by trypan blue exclusion was 
between 65% and 90%. 

The assay for lymphocyte mediated cytotoxicity is 
a modification of that described by Cohen et al.? The 
human renal cell carcinoma cell line A498 has excellent 
growth characteristics, has known antigenicity, and 
has maintained its malignant potential in vitro. These 
cells were used as target cells in the cytotoxicity 
assay. Five milliliters of tissue culture media of RPMI 
1640 containing 100 microcuries of 125I-iododeoxyuri- 
dine and 1 x 108 of renal carcinoma cells were added 
to a 30 ml plastic tissue culture flask and incubated 
at 37^ for 24 hours. The tumor cells were then placed 
into Falcon microtest plates (Falcon Plastics, Oxnard, 
CA), and allowed to adhere to the surface for two 
hours. Lymphocytes were then added in a ratio of 
100 lymphocytes to one target cell. After incubation 
at 37? for 48 hours, the medium containing non-ad- 
herent cells was aspirated, and the compartments were 
then gently washed four times with medium to remove 
residual non-adherent cells. After drying in air, the 
plates were sprayed with Aeroplast (Parke-Davis 
Company, Detroit, Michigan) and the individual wells 
were separated and residual reactivity measured as de- 
scribed previously.!! The results have been expressed 
as the cytotoxic index (CD, calculated according to 
the formula 


CI = CPM control — CPM test 


CPM Control 


Control values represented target cells without added 
effector cells. Each test sample represented the mean 
of six replicate wells. 
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TABLE 1. Distribution of Renal Cell Carcinoma Metastases 
(RNA Treated vs. Historical Control Patients) 





Percent of Patients 
with Metastases 





Site of 
Metastases RNA Control 
Lungs 85% 74% 
Bone 35 41 
Brain 20 13 
Liver 10 10 
Distant nodes 30 22 
Skin and subcutaneous 15 9 
Other 5 17 


Serial absolute lymphocyte counts were also deter- 
mined. These were calculated simply by obtaining 
the leukocyte count by conventional methods and 
multiplying this by the percentage of lymphocytes 
noted at microscopic evaluation of the Wright’s stain 
of the blood smear. 

Serum from these patients was also obtained at eight 
to ten week intervals and was tested for complement 
fixing antibody levels. The antigens used for this 
assay were obtained from fresh renal cell carcinoma 
tissue, from cultured renal carcinoma cells, and from 
normal kidney tissue. This microcomplement fixation 
assay has been previously described.? 


Historical Control Population 


The preliminary aim of these investigations was to 
define the feasibility of using immune RNA in human 
beings, particularly with regard to toxicity and phase 
I study criteria. The evaluation of a simultaneous 
untreated control group was not part of the study in 
that situation. However it eventually appeared that 
survival in these patients was surpassing that of most 
reported series. In addition, since natural survival data 
inthis disease has varied somewhat in different reports, 
it was though desirable to construct a control group 
using patients from the same institution from which 
the treated patients were derived for comparison. 
The medical records of 115 patients with metastatic 
renal cell carcinoma seen at UCLA and affiliated 
Veterans Hospitals (Wadsworth V.A. Hospital and 
Sepulveda V.A. Hospital between 1970 and 1976 
were reviewed. Sufficient data for appropriate evalua- 
tion was available in 86 of these. Survival from the ` 
time of diagnosis of metastasis, the location of the 
metastasis, and the various methods of treatment were 
determined and entered into a data bank for computer 
analysis. Frequency distributions of age, sex, site and 
number of metastases, and disease-free interval were 
found to be similar in the RNA treated and non-treated 
groups (Table 1). Specific sub-populations were identi- 
fied and were compared to the remainder of the study 
group by means of Life Table Analysis (cumulative 
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TABLE 2. Xenogeneic RNA LO 
Dosage - 
«t Y 
Number of doses administered 700 > 8 ` 3y 
Largest single dose 64 mg > X le 
Largest cumulative dosage/PT 500mg © M ----RNA 
2 «8 Controls 
Toxicity a 6 WA i 
Local: Erythema 3 > 
Systemic: Flushing, flu-like syndrome 6 iz 
Lost work days, dose reductions, hospitalizations 0 e 
2 
= 
survival). The significance between the two popula- e 


tions was determined by Student's t-test. 


Results 
Toxicity 

Toxicity associated with immune RNA therapy has 
been absent or minimal. As indicated in Table 2, 


over 700 doses of immune RNA have been admin- - 


istered. Totzl dosage has exceeded 500 mg in one 
patient over a 35 months period. Single doses as 
high as 60 mg, including several 60 mg intravenous 
doses, have not resulted in significant side effects. 
A few patients reported mild transient malaise and 
anorexia, and one patient developed a transient low- 
grade fever which subsided after 24 hours and did 
not recur with subsequent treatment. Flushing within 
30 minutes after administration of RNA has been 
noted on three occasions. Three patients had very 
mild erythema in the area of the RNA injections 
which subsided within 30 minutes. No allergic or 
anaphylactic reactions have occurred and in no in- 
stance has RNA dosage been modified or discon- 
tinued because of adverse reactions. 


Clinical Response 


In patients with metastatic disease, there were 
no complete responses. Also, there were no objective 
responses by standard chemotherapy criteria which 
require a 50% reduction in tumor volume. Eleven 
patients failed to respond to therapy and had unrelent- 


TABLE 3. Clinical Status of RNA-treated Patients 








Metastases MRD Total 
Complete response 0 — 0 
Partial response* 7 — 7 
Indeterminate 2 9 11 
Failure 11 0 HH 
Total 29 





* Less than 50% regression or stability of measurable, previously 
growing lesion for ^3 months. 

Mean follow-up patients with metastases 13 months (3—35 mos.). 

Mean follow-up patients MRD 18 months (10-34 mos.). 





6 B 30 42 54 66 


MONTHS 


Fic. 2. Life table analysis comparing survival of all patients with 
metastatic renal cell carcinoma receiving immune RNA with survival 
in patients in historical control group with metastatic renal cell 
carcinoma who did not receive RNA. Vertical axis represents 
cumulative survival. Horizontal axis represents time. Numbers 
separated by slash (/ indicate number of patients who have re- 
mained free of disease/number of patients at risk of developing 
recurrence at that time. 


ing progression of disease. Two patients have been 
followed for only three months each. Their clinical 
course has yet to be adequately determined, and they 
are listed as indeterminate. Seven patients at some 
time during their treatment course exhibited a partial 
response. This was defined as a measurable regression 
of less than 50% by x-ray or palpation, or stability 
of previously growing lesions for a minimum of three 
months. 

Nine patients are in the minimal residual disease 
group. The range of followup in this group is 10 to 
34 months. Because these patients do not have known 
gross disease at the time of institution of treatment, 
categories of clinical or partial response are not 
appropriate. It is of interest however that none of 
these high-risk patients have developed recurrence 
during the mean observation time of 18 months 
(Table 3). 


Survival in Patients with Metastatic Diseases When 
Compared with Historical Controls 


We have recently reported? on the natural history 
of a number of patients with metastatic renal cell 
carcinoma. Poor prognostic indicators in this group 
of patients as evaluated by computer analysis included 
presence of residual disease left after nephrectomy, 
metastatic involvement of lymph nodes, a short inter- 
val between primary treatment and the development of 
metastases, and local recurrence. The RNA and con- 
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Fic. 3. Life table analysis comparing survival of these patients 
with metastases confined to the lungs who received RNA compared 
with those patients whose metastases were confined to the lungs who 
did not receive RNA. Vertical axis represents cumulative per cent 
survival and horizontal axis is time since diagnosis. Numbers 
separated by a slash (/) indicate number of patients surviving over 
number at risk for that time period. 
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trol populations were comparable with respect to 
these factors. 

Survival in RNA and control groups was compared 
by using Life Table Analysis, which allows accurate 
predictions of cumulative survival to be made without 
a complete period of observation. When all patients 
receiving RNA are compared with all controls, survival 
has been better in those patients receiving RNA, al- 
though the difference is not consistently significant at 
all points of observation (Fig. 2). Figure 3 shows sta- 
tistically significant improvement in survival in those 
patients with metastatic disease confined to the lungs 
who received immune RNA when compared to those 
patients in the control group with metastatic disease 
confined to the lung who did not receive RNA (P « .02). 
Such a statistically significant difference in survival be- 
tween RNA recipients and control patients was not 
observed when survival of groups of patients with 
metastases to any other organ site outside the lungs 
was compared. 


DNCB Skin Testing 


Skin test data was available only in the treated 
group, and comparisons with controls are unavailable. 
Patients were divided arbitrarily into three groups. 
Those with minimum residual disease were those pa- 
tients who had had surgical removal of all gross tumor 
prior to treatment. Those with small tumor burden 
were defined as patients with three or less metastases 
in any location measuring less than three centimeters. 
Patients with disease any more advanced than this were 
considered to have a large tumor burden. Figure 4 
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Fic. 4. Initial DNCB response in patients with renal cell carcinoma 
correlated with tumor burden. These scores were obtained prior to 
immune RNA therapy. Dotted line indicates mean. 


shows that patients with metastatic disease had lower 
initial DNCB scores than patients with minimum 
residual disease although variations within all three 
groups were seen and the means were quite similar. 
Figure 5 shows the maximum changes in DNCB score 
compared with clinical course. In patients with metas- 
tases, there was little correlation between clinical 
course and DNCB score change. Indeed, more patients 
who had unrelenting progression of disease appeared 


Maximum CHARGES IN DNCB Score 
P- 
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CLiNICAL Course 


Fic. 5. Changes in DNCB response correlated with clinical course in 
patients receiving immune RNA for renal cell adenocarcinoma. 
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Fic. 6. Changes in lymphocyte mediated cytotoxicity of a renal 
cell carcinoma cells in vitro by lymphocytes of RNA recipients 
correlated with clinical course. Dotted lines represent means. 


to have improvement of DNCB score than did those 
who had a partial response. Patients with no gross 
tumor burden had much larger increases in the DNCB 
score following successive challenges with DNCB. 
Skin test responses to common antigens were neither 
predictable nor consistent, and had no apparent corre- 
lation with tumor burden or clinical course. 


Lymphocyte Mediated Cytotoxicity 


Figure 6 shows that those patients who had unrelent- 
ing progression of disease exhibited virtually no in- 
crease in cytotoxicity during their period of treatment 
while patients with minimum residual disease had a 
mean of .3 units increase in their cytotoxicity from 
pretreatment levels. Patients with partial responses 
had variable changes in the cytotoxicity index. 


Absolute Lymphocyte Count 


It has been suggested that peripheral lymphocyte 
counts, when combined with delayed cutaneous hyper- 
sensitivity reactions to DNCB and recall antigens are 
useful in immunologic measurements in patients with 
advanced cancer.?? Figures 7 and 8 suggest that those 
determinations had little value in predicting clinical 
course, nor did they correlate particularly well with 
tumor burden. 


Complement Fixing Antibody Titers 


Complement fixing antibody titers did not correlate 
consistently with clinical course. In general, how- 
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ever, several statements can be made. Ín patients 
with minimum residual disease, titers always fell to 
Zero months after removal of a tumor in a follow- 
up of six to 36 months. Since there have been no 
recurrences to date in this group, we do not know if 
recurrence is preceded or accompanied by a rise in 
antibody titer. In patients with metastatic disease who 
were treatment failures, the titer usually reflected an 
increasing tumor burden and became undetectable 
with progression. During partial responses, however, 
a low titer was generally maintained. 


Discussion 


The numerous reports of the effective transfer of 
immunity with RNA which have appeared in the past 
decade, the apparent absence of toxicity following 
administration of RNA in animal models, and the en- 
couraging results observed in human in vitro systems 
seemed to us to be a logical foundation from which 
to extend the use of immune RNA into the clinical 
setting. Clearly, in this study toxicity associated with 
immune RNA has been absent or minimal. One of the 
original aims of this study, which was to determine 
in a phase I evaluation the safety of this preparation, 
seems to have been partially accomplished. However 
dose response relationships have been more difficult 
to establish, primarily because the relatively small 
and infrequent periods of response. Our doses have 
been determined primarily by a schedule which would 
assure reasonable quantities of RNA for prolonged 
treatment. In animal systems, an RNA concentration 
of 400—500 mcg/ml of cell incubation fluid has been 
found to be ideal. The ideal dose of RNA injected 
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Fic. 7. Initial absolute lymphocyte counts correlated with renal 
cell carcinoma tumor burden prior to immune RNA therapy. 
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directly into animals, however, has not been accurately 
determined nor have we determined this in humans. 

An investigation of the mechanisms by which RNA 
_ might exert an immunologic response has not been 
the main thrust of this study though experiments in 
our laboratories in this area are ongoing. In some 
animal experiments, it appears desirable to administer 
RNA in a medium containing a strong ribonuclease 
inhibitor, as sodium dextran sulphate. There was 
considerable toxicity associated with this in initial 
animal studies. Appropriate dose reductions in ani- 
mals have been accomplished, but approval to use this 
substance in man has not yet been obtained, and 
we have not incorporated any ribonuclease inhibitor, 
in these RNA preparations. Use of such a substance 
in the future might significantly increase the efficiency 
of immune RNA therapy. 

The use of patients with extensive metastatic disease 
in the evaluation of an experimental immunotherapy 
modality poses numerous problems. All patients have 
a considerable tumor burden by the time they are 
entered on therapy, and although the course of pa- 
tients with this disease in the natural state is some- 
what variable, the usual end will be death from pro- 
gression. Most patients showed significant initial im- 
munosuppression as assessed by delayed cutaneous 
hypersensitivity and cytotoxicity prior to therapy. This 
correlated most closely to tumor burden. Complete 
regression did not occur in any patient treated, though 
several patients had temporary stabilization of the 
growth of metastases which had been documented to 
be progressively growing prior to initiation of immune 
therapy. The ideal patient for immunotherapy has 
long been considered to be that patient without any 
gross disease, but who might have a micrometastatic 
tumor burden. These patients all vastly exceeded that 
' tumor dose. Changes in responses to immunologic 
testing probably reflect changes in tumor burden, 
though it is of interest that many DNCB responses 
and some levels of lymphocyte mediated cytotoxicity 
increased in the face of tumor progression. 

Since individual responses were so limited, it was 
hoped that an expression of the effect of immuno- 
therapy might be demonstrated by looking at survival. 
The survival of all patients, control and treated, was 
surprisingly greater than that reported by Middleton? 
and Mostafi.!? Control survival in our series approxi- 
mated that of Rafla, around 28% in two. years. Sur- 
vival of our entire RNA treated group compared with 
our entire control group showed some apparent im- 
provement of survival, but this was not statistically 
significant at every point of observation. Although 
attempts were made to rigorously match the treated 
and control groups, selection and other factors may 
account for this difference. _ 

Paradoxically, patients with multiple metastases in 
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Fic. 8. Changes in absolute lymphocyte counts correlated with 
clinical course of patients receiving immune RNA therapy for renal 
cell carcinoma. Dotted lines represent means. 


some series have been reported to have improved: 
survival over those with metastasis to a single organ 
site. This data conflicts with our observation that 
patients with pulmonary metastasis survive longer 
than the remainder of the study population in both 
control and RNA-treated groups. Indeed, although the 
number of treated patients is very small, this is the one 
area in which there is statistical improvement in survival 
of patients receiving RNA immunotherapy. There is evi- 
dence that excision of pulmonary metastases improves 
palliation duration, and in some cases survival in 
selected patients. RNA administration in this series is 
in no way utilized as an alternative to surgery in 
these patients. However following aggressive treat- 
ment for metastases, RNA therapy might increase the 
palliation interval achieved by surgery alone. 

It is clear that renal cell carcinoma is an immuno- 
suppressive disease, as initial readings in virtually all 
the immunologic parameters in these patients would 
indicate. Evaluation of the various tests used were of 
little value in predicting what the patient's course 
would be. Lymphocyte mediated cytotoxicity ap- 
peared to have the best correlation with clinical 
course, while absolute lymphocyte counts had very 
little correlation with the clinical situation. Again, 
the patients with least tumor burden (MRD) had the 
most significant changes in clinical parameters after 
receiving immune RNA therapy. 

There are a number of theoretic advantages of RNA 
adoptive immunotherapy. Since RNA recipients do not 
come in contact with tumor cells, their sensitization 
to foreign HLA antigens may be avoided. Graft versus 
host reactions have not been observed in animal ex- 
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periments specifically designed to elicit them. Since 
serum or serum products are not administered, the 
danger of passively transferring blocking factors does 
not exist in immune RNA therapy. Sensitization to 
the weakly antigenic immune RNA preparations cer- 
tainly does not seem to occur, as opposed to the 
strong reactions associated with adoptive transfer of 
cells or serum products of human or animal donors. 
If RNA indeed can induce an immune response at the 
cellular molecular level, it may be effective despite 
the host anergy often seen to accompany malignancy. 
Finally, as opposed to other forms of adoptive therapy, 
the use of sheep RNA donors assures a relatively 
high availability and low cost of the product. Since 
mechanisms of action of immune RNA remain obscure, 
the answer to whether these are merely theoretical 
or are real advantages of this treatment remain un- 
answered, although safety at these dosages seems to 
be established. 

Finally, it seems that in the area of minimal residual 
disease further investigations will be most fruitful. 
The clinical situations which suggest a high degree of 
recurrence have been defined. It is of interest there 
have been no recurrences in any of the nine patients 
in this group, several followed almost up to three years, 
a mean observation period of 18 months. It is in this 
area that there is a suggestion of therapeutic promise 
with immune RNA that can only be established by 
further observation and carefully controlled, ran- 
domized, prospective trials. 
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The third, the one we have been hearing about today, is the 
transfer of immunity from one individual to another. This is the 
Robin Hood technique, in which one is taking from the "'haves" 
and giving it to the '*have-nots." The problem in the evolution of 
this approach to immunotherapy was to define the ‘“‘have’’ in terms 
of his real success against his own tumor, You can visualize that 
the patient who was ‘‘cured’’ of melanoma five or ten years ago may 
or may not really be cured of his tumor, and that to remove a 
significant portion of his immune capacity could conceivably 
put him in real jeopardy. This was recognized. 

The approach that we have heard today sidesteps this very nicely 
by creating a new have (the new have being the sheep) and inducing 
the immune response in the sheep, and then transferring that back 
to the patient who needs it. 

Two materials have been used to transfer immunity. The first of 
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these, immune RNA, developed by Dr. Ramming and Dr. Pilch and 
others, is a large molecule which undoubtedly has room on it for 
plenty of immunologic information that it can transfer back to the 
host. The second is so-called transfer factor, discovered by Lawrence 


. 20 or 30 years ago, a much smaller molecule, perhaps as small as 


T 


2000 molecular weight (the most recent estimate I've heard) and, 
undoubtedly, a very small caliber bullet to carry much of a message. 

Against this background, there are two questions which have 
bothered study sections a lot for the last couple of years, and which 
I would like to pose to our speaker today. The first of these is: Is 
the immune RNA that you are working with and, for that matter, 
possibly transfer factor really specific, or is it acting as a nonspecific 
immunostimulant, much as BCG does? 

Secondly, if it is specific, how great is the danger of transferring 
back to the patient immunity against many normal cellular antigens, 
creating essentially an immunological backlash and a severe auto- 
immunity situation? One must recognize that the sheep who re- 
ceives these cells receives not only renal cell carcinoma antigen, 
but also a plethora of normal human antigens which are present on 
the same cell. It is unlikely that the sheep distinguishes between 
these. 


Dr. JOHN ANTHONY MANNICK (Boston, Massachusetts): I 
enjoyed this presentation for a number of reasons, not the least of 
which is the fact that it was almost exactly 15 years ago that I was 
privileged to present a description of the transfer of cellular immunity 
mediated by immune RNA to this society. 

The presentation at that time, I recall very clearly, was greeted 
with complete silence, and I suspect that this was at least partly due 
to the fact that no one there, including me, had any idea about 
practical applications of this system. 

A couple of years later, Dr. Egdahl and I, having had time to think 
about it a bit, suggested that this RNA-mediated transfer of im- 
munity might be useful in the induction of tumor immunity in 
experimental animals and, potentially, people, but it was five years 
after that before Ramming and Pilch at the National Cancer Insti- 
tute were able to show that this, indeed, was possible in: animal 
systems. 

Today we have heard that there is at least suggestive evidence that 
immune RNA may, in fact, allow an individual with minimal tumor 
burden to fight off his potential metastases. 

I was particularly struck, Dr. Ramming, by the fact that cellular 
immunity, as manifested in vitro by cell-mediated cytotoxicity 
against the tumor cells, was increased in the RNA-treated individuals; 
and as you know, this is supported by a number of lines of investi- 
gation in animal systems. 

(Slide) This is a summary of some observation made in our own 
laboratory by Dr. Deckers and Dr. Wang. The system here is a 
tumor induced in an inbred strain of mice by a chemical carcinogen. 
The tumor is injected into guinea pigs, to immunize them. RNA is 
extracted from the guinea pig lymphoid tissue, and then lympho- 
cytes from mice of the same strain are incubated with the RNA. 
Their killing ability against tumor cells is measured in tissue 
culture, and as you can see, the RNA-treated syngeneic lympho- 
cytes kill the tumor very effectively about 48 hours after incuba- 
tion with the RNA. (Slide) This is clearly classical cell-mediated 
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cytotoxicity, because it is abolished by antiserum that kills mouse 
T-cells, as shown on this slide. 

(Slide) What is particularly interesting with regard to the present 
observations is the fact that Deckers and Wang have demon- 
strated that animals that already have a growing tumor can show a 
similar effect. In other words, the lymphocytes from these 
animals can be converted to a state of increased cytotoxicity against 
the tumor that the animal already bears, by treatment with immune 
RNA, and this can be true in animals that have already begun to 
lose their natural cytotoxicity against the tumor. 


DR. KENNETH P. RAMMING (Closing discussion): Dr. McKhann 
raises several vexing questions that consistently have been prob- 
lems in the field of adoptive transfer of immunity with immune RNA. 
Is this RNA that we've given the patients in this clinical study (and I 
emphasize that the main thrust of this work is clinical) specific for 
renal cell carcinoma antigens only? 

Our answer is that we don't know in this setting, but the evidence 
in other experimental situations would suggest that there is a degree 
of specificity. To wit, in in vitro systems, if one has two or three 
tumor lines which are known to be antigenically different, and one 
raises RNA directed against each of the lines, and the lines are not 
cross-reacting, there is a specificity in the immunity conferred, as 
RNA from donors immunized with Tumor A is required to cause 
lysis of Tumor A, and will not be effective against Tumors B and C. - 
RNA from donors immunized with Tumor B induces responses 
against B but not A and C, and so forth. 

This is, of course, most easily accomplished in vitro, but in animal 
systems in vivo similar observations have been demonstrated. 
One can prevent development of a tumor by administering immune 
RNA prior to a small tumor cell challenge. Again, RNA from 
donors immunized with Tumor A will protect against challenges 
of Tumor A but not B, and vice versa. 

What about responses, then, in a sheep which does presumably 
recognize all human antigens as foreign? Will this induce an auto- 
immune response? 

First of all, in this system we have not seen any evidence of this. 
In some patients we have observed progressive immunosuppres- 
sion which corresponded to increasing tumor burden, and in 
others there have been increased skin test reactivity and lympho- 
cyte mediated cytotoxicity despite tumor progression, but in no 
instances have there been findings to suggest an autoimmune 
phenomenon. 

In animal systems, when this was specifically investigated by 
attempting to induce a graft versus host situation in neonatal mice, 
using the Simonsen spleen assay, repeated experiments with many 
doses of RNA, some small and some approximately a hundred 
times what we can give to larger animals or humans, have not 
induced a graft versus host response, or an autoimmune response. 

The ideal combinations for in vitro studies, in which we have nor- 
mal tissue and tumor tissue from the same patient, to compare with 
reactions to normal and tumor tissues of different patients, so 
easy to accomplish in animal systems, are much more difficult to 
achieve with humans. However, several such combinations are 
currently being investigated and I hope we will have more informa- 
tion about specificity within this system to report in the future. 
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Revascularization Methods in Chronic Visceral Ischemia 


Caused by Atherosclerosis 


RONALD J. STONEY, M.D., WILLIAM K. EHRENFELD, M.D., EDWIN J. WYLIE, M.D. 


A comparison of revascularization methods used in 35 pa- 
tients who underwent 39 operations for chronic visceral 
ischemia caused by atherosclerosis is presented. All but 
two of these various methods have been abandoned either 
because of technical difficulties encountered during the 
procedure, or the high failure rate observed after operation. 
The two techniques which overcame these objections are: (1) 
antegrade aorto-celiac prosthetic grafts, and (2) transaortic 
endarterectomy using a thoracoretroperitoneal approach. 


HE DEVELOPMENT OF SAFE, effective and durable 
techniques for the surgical treatment of ather- 
osclerosis in the visceral arteries continues to be a 
major challenge for vascular surgeons. Endarterec- 
tomy of the superior mesenteric artery (SMA) de- 
scribed by Shaw and Maynard in 1958! was the first 
reported successful surgical technique. Their method 
in two patients utilized the transabdominal approach, 
partial occlusion of the aorta at the SMA orifice 
and endarterectomy through a longitudinal arteri- 
otomy. Morris et al, in 1961? wrote of the dif- 
ficulties in access and control by such direct methods 
and advocated remote bypass grafting with prosthetic 
grafts usually originating from a caudad position on 
the ventral surface of the subrenal aorta. Early results 
were encouraging, but the follow-up periods (two, 
three, five and 18 months for those in which the 
follow-up period was reported) gave no evidence of 
their durability. Rob in 1966 reported? graft patency 
of only 61% at follow-up in 23 patients who had 
undergone various bypass operations. Dacron grafts 
were found to be the most durable.?: This ex- 
perience and an early report of our own*? suggested 
the need for re-evaluating from our own experience the 
pathologic and hemodynamic problems to be overcome 
and to re-explore the feasibility of a direct approach 
to the diseased arterial segments. 
Our series consists of 35 patients with symptoms of 
chronic visceral ischemia and atherosclerotic lesions 
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in the celiac and/or superior mesenteric arteries whc 
underwent 39 operations between 1959 and 1976. Th« 
age and sex distribution are indicated in Figure 1. 
The clinical features were post-prandial epigastric 
pain (34), weight loss (30), and altered intestinal 
motility (20) (constipation 8, diarrhea 12). Nausea and 
vomiting were rare (3). Three patients who had retro- 
grade aorto-superior mesenteric artery grafts at other 
hospitals were referred because of graft thrombosis. 
Two of these developed visceral infarction at the time 
of graft closure requiring partial small bowel resec- 
tion. All three had typical abdominal angina wher 
referred. 

Aortograms using the Seldinger technique were per- 
formed in the anteroposterior and lateral projections 
on all patients. Multiple visceral artery lesions were 
demonstrated in 34 patients. The subsequent operative 
observations confirmed the radiologic findings bu! 
more importantly revealed in most patients a form ol 
atherosclerotic pathology rarely encountered in th« 
infra-renal aorta, iliac and femoral arteries. The 
intima of the subdiaphragmatic aorta had been trans. 
formed into a thick, succulent, almost homogeneous 
layer which seemed to overflow and envelop the 
orifices of the visceral and more distal aortic branches. 
Figure 2 shows serial aortograms in a patient witt 
this type of intimal disease demonstrating rapid pro 
gression. When this type of intimal pathology was en- 
countered it tended to involve the full length of the ab- 
dominal aorta, but spared the distal thoracic aorta. 
Occasionally it involved only the ventral surface of the 
aorta at the level of the visceral branches. In tw« 
patients a cauliflower-like growth of intima in the 
suprarenal aorta almost occluded its lumen. 

Whenever the lesions had progressed to total oc 
clusion of the celiac artery, the atherosclerotic change 
halted at a well defined end-point near or proximal tc 
the midpoint of this artery. Patency of the distal hal 
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41—50 51— 60 61— 70 71-over 
AGE IN YEARS 
Fic. 1. Sex and age distribution of 35 patients with visceral 


artery atherosclerosis. 


was maintained by collateral flow. Atherosclerotic oc- 
clusion of the orifice of the SMA was associated with 
a "tail" thrombus which extended six to eight centi- 
meters to but not beyond the first major branch of 
this artery through which collateral flow was supplied 
to the distal branches. In eight patients one or more 
renal arteries were stenosed or occluded. Severe infra- 
renal aortic stenosis was present in six patients. Frank 
infrarenal aneurysmal degeneration was seen in three 
patients. 


Fic. 2. A-P aortograms 
obtained three years and 
one month prior to vis- 
zeral artery revasculariza- 
ion showing progressive 
iarrowing of the lumen of 
he suprarenal aorta. 
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Figures 3-9 present in tabular form the site of the 
occlusive lesions, those for which a revascularization 
procedure was performed and the follow-up results. 
Two or more operations were performed on three pa- 
tients because of recurrence of symptoms caused by 
stenosis or occlusion of the operated artery or from 
failure to revascularize an adequate number of dis- 
eased arteries. Because the objectives of this review 
were to evaluate the clinical results and the merits of 
each operative method, patients with multiple opera- 
tions appear more than once in the tables.* 

Aortograms were obtained in the early postoperative 
period after 24 of the operations. Aortograms were also 
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REIMPLANTATION// Y 
SITE OF LESION 


Cel SMA IMA 
Pt. Result 
GS (Q € © — DIED POST-OP OCCLUSION 
CELIAC— SMA COLLATERAL 
INTESTINAL INFARCTION 
MM (9 (9 © — CURED 5 YEARS 
MP (o) (e CURED 6 YEARS 


FAILED 1 YEAR 
CELIAC GRAFT STENOSIS 
IMA PATENT 


SD © @ 


Fic. 3. For explanation of symbols see footnote p. 469. 


obtained in all patients who developed late recurrence 
of symptoms. Because of current constraints on human 
experimentation, it was necessary to rely more on the 
long-term clinical status rather than aortography to as- 
sess the durability of the operative method in those 
patients who have continued to be symptom-free. 


Reimplantation 


In each of these operations the involved artery was 
transected distal to the atheroma and anastomosed to 
the anterior surface of the aorta immediately distal to 
its original position (Fig. 3). This method appears to 
have only limited applicability because of the technical 
problems in anastomosing a small thin-walled artery to 
an aorta almost always involved with the type of 
gross circumferential intimal disease described above. 


Replacement Graft 


The grafts reported were with but one exception 
anastomosed to the anterior surface of the aorta proxi- 
mal to the artery to be bypassed in order to 
provide antegrade flow into the outflow artery. The 
supraceliac portion of the distal thoracic aorta was 
particularly suitable for the proximal anastomosis be- 
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SAPHENOUS VEIN GRAFT Q 


SITE OF LESION 
Cel SMA IMA 
Result 
FAILED 2 YEARS 
| CELIAC GRAFT STENOSIS 


CURED 5 YEARS € 2nd GRAFT 


FAILED 2 MOS. 
BOTH ARTERIES OCCLUDED 
DIED INTESTINAL INFARCTION 


CURED 8 YEARS 
SMA GRAFT OCCLUDED 
IMA PATENT 


SM 


* 
«€ 


MM' FAILED 2 MOS. 


CELIAC GRAFT STENOSIS 
SMA GRAFT OCCLUDED 
RECURRENT SYMPTOMS 


* RETROGRADE GRAFT 


Fic. 5. For explanation of symbols see footnote p. 469. 


cause of its minimal atherosclerotic involvement. Ac- 
cess to this area was obtained by splitting and retract- 
ing the posterior fibers of the diaphragm. Only one 
graft, a saphenous vein, was placed in a retrograde 
position (from the infrarenal abdominal aorta to the 
SMA). 


Arterial Autograft (Fig. 4) 


The one failure was caused by placing the distal 
anastomosis too close to the celiac bifurcation, result- 
ing in angulation and stenosis. Although arterial auto- 
grafts have proved to be durable in other conditions, 
it was frequently necessary to endarterectomize them 
in these patients to remove thickened intima. The donor 
vessel was the external iliac artery in each case (the 
defect repaired with a dacron prosthesis). The hypo- 
gastric arteries were not used because of their contribu- 
tion to visceral blood flow. 


Venous Autograft (Fig. 5) 


The failure rate (5/6) of saphenous vein grafts is 
comparable to that reported by Rob.’ We have largely 
abandoned the use of this graft in all intra-abdominal 
operations except when it is used for a patch to close 
a longitudinal arteriotomy in the SMA. 


Dacron Grafts (Fig. 6) 


Antegrade dacron grafts (six to six and one-half 
millimeter diameter) are ideally suited for replacing the 
celiac artery. The iliac arm of a 13 x 6.5 mm bifurca- 
tion graft can be cut in such a way as to preserve a 
flange of the aortic portion of the graft. This permits 
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* ANTEGRADE GRAFT 


rapid suture of the flange to a vertical aortotomy in 
the low thoracic aorta. The graft to the SMA was 
placed adjacent to the SMA orifice. Note the absence 
of clinical failures with only celiac revascularization in 
patients with two or three vessel disease. 


Endarterectomy 


Two techniques for endarterectomy were used. One 
approached the lesion through an arteriotomy at the 
site of the lesion and the other through the opened 
aorta. 


Transartery Endarterectomy (Fig. 7) 


‘> Although the results appear encouraging, the 


method is technically difficult. The exposure with the 
abdominal approach used in these cases is awkward, 
and a successful result requires removal of the 
thickened aortic intima adjacent to the visceral 
artery orifice by blind extraction. If a longitudinal 
arteriotomy is used, it is usually advisable to supple- 
ment its closure with a venous patch graft to prevent 
narrowing of the lumen. The comparative technical 
ease of other methods has caused us to abandon this 
technique. 


Transaortic Endarterectomy (Abdominal Approach) 
(Fig. 8) 


The simplicity and directness of this technique is one 
we first appreciated in dealing with atherosclerotic 
stenosis of the renal arteries where it has become, in 


. our hands, the preferable method of revascularization. 


IMA 
Result 


CURED 5 YEARS 
CURED 5 YEARS 
CURED 5 YEARS. 


CURED 2'2 YEARS 


Q CURED 1% YEARS 
Q GRAFT PATENT 2 YEARS- 

DEATH FROM UNRELATED CAUSE 
The ventral orientation of the visceral branches of the 
aorta and the difficulties with exposure caused us to 
abandon the transabdominal approach for transaortic 
endarterectomy of the celiac and SMA. The two 
inferior mesenteric artery (IMA) lesions were the only 
ones which were technically easy to remove. In both 


of these patients, the IMA was a major source of 
collateral visceral blood flow. 


Transaortic Endarterectomy (Thoraco-retroperitoneal 
Approach (Fig. 9) 


The thoracic retroperitoneal approach used in these 
operations has overcome the technical difficulties 
presented by many of the operations in this last group. 
Unrestricted exposure of the aorta and its,visceral and 
renal branches is provided from the distal thoracic 
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Result 
SYMPTOMS PERSISTED 3 


CURED BY CELIAC GRAFT 
5 YEARS 


CURED 5 YEARS 
CURED YEARS, LTFU 


FF CURED 3 YEARS, LTFU 


YEARS DESPITE PATENT SMA 
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SITE OF LESION 
SMA RENALSx IMA 


io 
o 


Cel 





* BILATERAL RENAL ARTERY STENOSIS 
* * A1 GRAFT 


segment to the aortic bifurcation.? The thoracic por- 
tion of the exposure is developed through an 8th inter- 
space incision which is extended obliquely across the 
abdomen beyond the midline. Retroperitoneal dissec- 
tion permits retraction of the spleen and the tail and 
body of the pancreas to the patient's right. The left 
crus and posterolateral and anterior fibers of the left 
hemidiaphragm are transected circumferentially ad- 
jacent to the chest wall to avoid denervation of the 
diaphragm. With this technique, the problem of post- 
operative diaphragmatic paralysis and ileus was sub- 
stantially reduced. The problems of exposure of the 
right renal artery or the development of a retroperi- 
toneal tunnel into the right groin, should these 
maneuvers become necessary for management of as- 
sociated lesions, have presented a minor but not 
insurmountable difficulty. These difficulties have been 
largely outweighed by the potential for performing a 
more complete reconstructive operation in patients 
with multiplicity of arterial lesions so often en- 
countered when the symptoms of visceral ischemia are 
the presenting complaint. 

When only the proximal visceral arteries are involved 
the aorta is incised longitudinally to the left of the 
celiac and/or SMA orifices. More recently we have 
modified this incision with a transverse hockey stick 
incision at each end of the aortotomy. This creates 
a trapdoor which can be swung back carrying with it 
the orifices of the stenosed or occluded arteries. The 
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CURED 1'2 YEARS 


DIED POST-OP BLEEDING 


CURED 4 YEARS CELIAC AXIS Fic. 8. For explanation of 
OCCLUDED ON AORTOGRAM, Symbols see footnote p. 


CURED 6 YEARS 
CURED 2 YEARS 


CURED 1% YEARS 


CURED 8 YEARS SMA GRAFT 
OCCLUDED. IMA PATENT 


intima on the undersurface of the trapdoor is separated 
from the media saving the visceral artery endarterec- 
tomy until last. Simultaneous traction on the aortic 
specimen and instrumental separation of the intima 
from the media in the branch artery causes the 
endarterectomized cylinder of the branch artery to 
prolapse into the aortic lumen. With continuing trac- 
tion and dissection the atheromatous intima eventually 
separates from the normal distal intima (Fig. 10). The 
end point can be inspected before reduction of the 
prolapse and residual fragments removed, if neces- 
sary. If the intima of the posterior aorta is grossly 
thickened, it is removed at the same time. The 
total aortic occlusion time rarely exceeds 25 minutes. 
We have endountered no clinical problems as a result 
of the ledge of thickened intima at the distal end of 
_the aortic endarterectomy. Lateral aortograms are 
shown in Figure 11 before and after endarterectomy 
using this method. 

This method also provides a better exposure for 
reconstruction of the SMA when this artery is totally 
occluded. The transaortic portion of the operation re- 
moves the orifice atheroma. After the aortic clamps 
have been released and flow restored to the aorta 
and other visceral branches, the adherent ''tail" 
thrombus in the distal SMA can be removed by open 
‘endarterectomy through a longitudinal arteriotomy 
along the left side of the artery which is free of 
branching arteries up to a point well beyond the end of 
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TRANS AORTIC ENDARTERECTOMY LI 
(THORACO-RETROPERITONEAL APPROACH) 
SITE OF LESION 





Pt: 
FC 


EJ 
MM? 
BH 
PP 


G. 9. For explanation of 
ymbols see footnote. NL 


HH 


RD 
MH 


* * 
* * 
» 


MA 


Renal 


IMA AG 
Result 


^ CURED 1% YEARS 

^ CURED 6 MOS 

^ CURED 10 MOS 
CURED 4 MOS 

^ CURED 4 MOS 

CURED 3 MOS 

^ CURED 2 YEARS 

^ CURED 7 YEARS 

DIED HEPATITIS 6 WEEKS 

CURED 2 YEARS 

CURED 1 YEAR 

^ CURED 1 YEAR 


* INADEQUATE CELIAC LUMEN DUE TO TECHNICAL ERROR- REPLACED WITH DACRON GRAFT. 


* * A F BYPASS 
* * * ANEURYSMECTOMY 


he occluded segment. The arteriotomy closure is sup- 
;»lemented with a saphenous patch to avoid narrowing 
Fig. 12). 

In the five patients with associated renal artery 
itenosis the aortotomy was extended to the infrarenal 
iorta to provide exposure for removal of these lesions. 
[he single specimen that was removed in each case 
-onsisted of a sleeve of aortic intima with four project- 
ng nubbins of atheroma corresponding to these four 
najor aortic branches. 

The supraceliac aorta was temporarily occluded in 
'9 operations in this series. There were no neurologic 
'omplications to suggest spinal cord ischemia. 

Post-reconstruction blood flow measurements using 
in electromagnetic flow meter were obtained in seven 
Xf our recent patients, all of whom had obstructive 
esions in both the celiac artery and SMA. The blood 
low in the reconstructed celiac artery averaged 517 
:c/min (450—600) and 635 cc/min (550-740) in the 
3MA. Since all of these patients were relieved of their 
iymptoms, operative blood flow measurements in this 


range appear to provide a means for assessing the 
adequacy of the reconstruction at the time of opera- 
tion. 


Discussion 


The data collected from this review provided sugges- 
tive evidence regarding the relative importance of the 
three visceral branches of the aorta and the role of 
the collateral vessels that connect these vascular 
beds. In four patients with lesions in both the celiac 
artery and the SMA, both of which were operated upon, 
the celiac reconstruction failed. One patient died from 
visceral gangrene and two required a second operation 
on the celiac artery for relief of persistent symptoms. 
Only one patient remained asymptomatic. 

Ten other patients with a similar combination of 
lesions had only one of the two arteries revascularized. 
In seven patients the operation was confined to the 
celiac artery. Symptoms persisted in only one of these 
seven patients and postoperative aortography in that 
patient demonstrated a residual stenosis in the celiac 





Fic. 10. Artist's drawing 
from an operation on a pa- 
tient with celiac and SMA 
stenosis illustrating the ex- 
posure obtained by the 
thoracoretroperitoneal ap- 
proach, the trapdoor aorto- 
tomy, and the method of 
endarterectomy. 


Fic. 11. Lateral aortograms 
before and after thoraco- 
retroperitoneal transaortic 
endarterectomy in a patient 
with celiac and SMA ath- 
erosclerosis (arrows). 
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artery. In three patients the operation was confined to 
the SMA and two had persistent symptoms eventually 
relieved by subsequent celiac reconstruction. 

Five patients had disease in all three arteries. Celiac 
and IMA reconstructions only were performed in four 
with symptom relief in all. The SMA and IMA only 
were opened in one patient who also obtained symptom 
relief. Thus, in the 19 patients in this group with 
multiple lesions including the celiac only three were 
free of symptoms when residual occlusion of the 
celiac artery was present. Conversely, a residual SMA 
lesion would appear to be an asymptomatic condition 
providing that the celiac and IMA were patient to 
furnish collateral flow. 

Although the number of patients is still too small for 
a solid conclusion, the foregoing results suggest that 
in some patients with two vessel (celiac and SMA) 
disease, reconstruction of the celiac artery alone may 
be all that is required to relieve visceral ischemic 
symptoms, provided the IMA is undiseased. The use of 
Dacron grafts from the undiseased distal thoracic 
aorta to the transected celiac artery, an operation 
easily performed through a transabdominal approach, 
proved to be the most successful and durable technique 
to accomplish this objective. We suspect that the ante- 
grade blood flow in these grafts and the minimal de- 
gree of atherosclerosis at the site of graft origin were 
major factors contributing to the success of the 
technique. 

We have been as yet reluctant to advocate single 
artery revascularization when multiple visceral artery 
lesions are present except under special circum- 
stances. Anomalies in the branches of the celiac and 
superior mesenteric arteries or other operations in this 
area may impair the adequacy of collateral flow be- 
tween these arteries. One of the two deaths in this 
series occurred in a patient with two vessel disease who 
had a celiac reconstruction only. Damage to the 
gastroduodenal artery interrupted the collateral chan- 
nel and resulted in visceral infarction. For these 
reasons and the uncertainties regarding the long-term 
prognosis in these young patients with a unique and 
apparently rapidly progressive form of aortic ather- 
osclerosis, we believe the preferable operation is one 
that removes the diseased intima in the aorta and all 
of the involved branches. These objectives were ac- 
complished in the patients who underwent transaortic 
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Fic. 12. Artists drawing from an operation in a patient with 
celiac stenosis and SMA occlusion showing: (top) SMA arteriotomy 
and extraction of the tail thrombus after closure of the aortotomy 
(Proximal SMA clamp not shown). (bottom) Vein patch closure of 
SMA arteriotomy. 


endarterectomy using the transthoracic retroperito- 
neal approach. 
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DISCUSSION 


DR. GILBERT S. CAMPBELL (Little Rock, Arkansas): (Slide) It is 
of interest that this syndrome of abdominal pain of vascular origin 
ws described by their former chief, Dr. J. Englebert Dunphy, in 
1936. Dr. Dunphy was an assistant resident at the Peter Bent Brigham 
Hospital at that time, and he recognized that chronic intestinal 
ischemia caused abdominal angina and may eventuate in gangrene 


of the intestinal tract. How small a vessel can you re-establish 
flow to in patients with occluded abdominal visceral arteries? 

(Slide) This aortogram shows rather obvious occlusion of the 
celiac artery. The superior mesenteric artery fills in a retrograde 
manner through a marginal artery. 

At operation, Dr. Hugh Burnett and I interposed a saphenous vein 
bypass graft between the right common iliac artery and a marginal 
artery about two millimeters in size, (much as you would do a 
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coronary skip graft). The patient had lost some 40 pounds in the 
six months prior to this intestinal artery bypass graft and she re- 
gained this weight within six months following the operative 
procedure. This postoperative angiogram (slide) shows patency of 
the graft with good filling of the intestinal arteries all the way back 
to the occluded superior mesenteric artery. 

I would like to ask these authors what experience they have had in 
re-establishing flow to tiny intestinal arteries because the superior 
mesenteric artery in this lady seemed to be a hard cord for several 
centimeters beyond its origin. 


Dr. JOHN E. CONNOLLY (Irvine, California): We have had about 
the same number of cases, but the pathological process, I think, both 
in Palo Alto and Irvine seems to be different. 

(Slide) I think the classical disease, as mentioned, in the celiac 
is at its takeoff from the aorta. In the superior mesenteric artery 
it is a napkin-ring deformity about one and one half centimeters 
distal to its takeoff from the aorta. And we have chosen to believe 
that if you open the abdominal aorta in the arteriosclerotic age 
group, including many in this audience, you may find the same 
amount of disease that you saw in the authors’ pictures. So we like 
to stay away from this area and simply bypass the occlusive lesions 
of the mesenteric vessels much in the same fashion we would do 
with occlusive disease of the coronary arteries. 

(Slide) This is an example of the meandering mesenteric artery 
which is the tipoff that we have significant stenotic or occlusive 
disease of the mesenteric vessels. 

(Slide) This is the lateral arteriogram of this patient. Note that the 
celiac artery is completely occluded at its origin and that there is a 
markedly stenotic segmental lesion of the proximal superior mesen- 
teric artery. 

This patient didn’t have any symptoms of mesenteric ischemia yet, 
but we prophylactically revascularized the superior mesenteric 
artery concomitantly with the aortoiliac endarterectomy that this 
patient required for severe leg claudication. To date we have 
prophylactically revascularized the mesenteric circulation in eight 
patients who required aortoiliofemoral operations. In these pa- 
tients the precarious mesenteric circulation was what one might 
call an incidental or unexpected finding on the preoperative 
aortogram. 

(Slide) We like to use the saphenous vein for mesenteric bypass, 
and I think the key is to place it in a good anatomical relationship. 
Here is a cloth bifurcation graft, and we have anastomosed the 
mesenteric bypass vein to an iliac artery rather than to the bifurca- 
tion graft because it avoids angulation of the vein graft which 
should ensure better long-term patency. 

(Slide) Here is an arteriogram of this patient one year after 
operation showing patency of the vein graft from the iliac artery 
to the superior mesenteric artery. (Slide) Here is another mesenteric 
bypass with a vein. I think it is important to handle these veins in the 
same fashion that we would handle a vein when we're doing 
coronary bypasses, because if you're not careful with the harvesting 
and management of the vein, you may injure the intima which will 
result in subsequent stenosis of the vein and failure of the bypass. 

(Slide) Another useful way to prophylactically avoid ischemia of 
the gut in aortic aneurysmectomy is to take a cuff of the aneurysm 
when the inferior mesenteric artery is patent and large and reanas- 
tomose this into the front of the bifurcation graft. 

(Slide) You can also perform direct endarterectomy with patch 
grafting of either the celiac or superior mesenteric lesion in a very 
thin patient, but we find generally that bypass grafting distally is 
easier. Here is a patient whom we explored with acute abdominal 
angina. This is the appearance of a severely ischemic and dark 
segment of the ileum seen on exploration. We then revascularized 
the superior mesenteric artery stenotic lesion with a vein graft, 
following which the severely ischemic ileal segment pinked up and 
we were able to avoid a bowel resection. 

I would think that the trapdoor method suggested by the authors 
would be applicable in some patients, but not in most patients, and 
I would think in the average surgeon's hands it would be preferable 
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to use bypass grafts into the distal mesenteric vessels and stay 
away from such a major procedure on a dangerous portion of the 
proximal abdominal aorta. I think that vein bypassing has worked 
out very well elsewhere in the body, and I suspect that with more 
technical experience we will find that it will work out equally so to 
revascularize the mesenteric vessels. 


DR. FRANK G. Moopy (Salt Lake City, Utah): I support this 
approach, having only had experience with two cases of using the 
anterior approach, in trying to do an endarterectomy of the superior 
mesenteric artery, and handling the aorta. It's extremely difficult, and 
it seems to me that Dr. Stoney and his colleagues hit upon a very 
innovative and appropriate approach to handling the local disease. 

One of the problems with using the vein bypass, especially just into 
the superior mesenteric artery, is that there is a virtual steal through 
the dilated marginal artery of Drummond, and I wonder if Dr. Stoney 
would comment on this: how many times he has found a very largely 
dilated artery in which the blood is shunted away from at least the 
lower aspects of the small intestine. 

The observation that they have made that this seems to be a disease 
of females is very important, and I'd like to have Dr. Stoney com- 
ment on that. How many of these patients may have had calcy- 
phylaxis? Did some of them have treatment, for example, with 
heavy metals for syphilis? It would be very important, I think, to try 
to document why this seems to be a disease of females. 

I think this is a tremendous advance in this field, and we all 
should take it very seriously. The approach that Dr. Stoney has 
advocated is one that I’m sure he'd be happy to show you how to do. 
It sounds difficult at first glance, but I’m sure it's an anatomical 
kind of thing, and, with the understanding of anatomy, one can 
do it. 

Dr. Stoney, I am concerned about one thing, and that is the relief 
of symptoms by the procedure. It seems to me that you do a rather 
extensive dissection around the celiac axis and the superior mesen- 
teric artery, and are you indeed gaining some relief because of your 
denervation that you accomplish in this way? 


DR. RONALD J. STONEY (Closing discussion): Dr. Campbell, we 
have had cases similar to yours in which the proximal superior 
mesenteric artery was almost rock hard to palpation. In every 
instance the atherosclerotic portion of the lesion was confined to 
the first two or three centimeters of the artery. The remainder of 
the lesion, which may extend another six to seven centimeters, 
was an organized tail thrombus. We can only assume that further 
propagation was arrested as a result of the collateral inflow at that 
point. Your postoperative film appears to show proximal filling 
into the superior mesenteric artery to this level. Our personal 
preference would still, I think, lead us away from attempts to 
graft to small arteries distal to the main trunk in favor of endarterec- 
tomy and patch angioplasty of the larger proximal artery. 

Dr. Connolly, your suggestion for performing prophylactic 
operations on asymptomatic patients would seem to be unnecessary 
and often risky meddling. Aortography for patients with aorto-iliac 
or renal artery disease often demonstrates asymptomatic occlusion 
of one or more visceral branches, usually the superior mesenteric 
artery. In the 20 years that such patients have been under con- 
tinuous follow-up in our hospital, we have yet to encounter a patient 
who subsequently developed symptoms of visceral ischemia or 
infarction. I am also concerned over advocacy of long vein grafts, 
as you have shown, from the iliac arteries to branches in the 
mesenteric circulation since our experience parallels that of Dr. Rob 
reported in 1966 in which 60% of the vein grafts subsequently 
failed. 

Dr. Moody's comment concerning the possible salutary effect of 
splanchnic denervation is well founded. I would only call attention 
to the fact that the failures in our series; namely those in which 
symptoms recurred, were associated with postoperative arterio- 
graphic evidence of reocclusion, an event most commonly en- 
countered in the graft of patients with saphenous vein grafts. 
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Needle Sutures 


Assured controlled release of needle from suture 
is in your hands with CONTROL RELEASE needle sutures. 
Needle releases from suture with a gentle tug. 


NO SCISSORS NEEDED. 
NO CHANGE FROM EYED NEEDLE TECHNIC. 


Sharp new ribbed Super-Smooth swaged needle eliminates 
the trauma associated with the use of eyed needles. 


Widest variety of needles and suture materials: 
PROLENE* polypropylene suture, 

VICRYL* (polyglactin 910) suture, 

NUROLON* black braided nylon suture, 
PERMA HAND* silk suture, 

ETHICON* surgical cotton, 

ETHIBOND* polyester suture. 


Its not CONTROL RELEASE if it$ not fom 
ETHICON 





AMICAR’ 


AMINOCAPROIC ACID 
INTRAVENOUS © TABLETS « SYRUP 


INDICATIONS: AMICAR has proved useful, in many instances, in the treat 
ment of excessive bleeding which results from systemic hyperfibrinolysis and 
urinary fibrinolysis. |n life-threatening situations, fresh whole blood transfusions 
fibrinogen infusions, and other emergency measures may be required 

Systemic hyperfibrinolysis, a pathological condition, may frequently be asso. 
ciated with surgical complications following heart surgery (with or without 
cardiac bypass procedures) and portacaval shunt, hematological disorders such 
as aplastic anemia, abruptio placentae, hepatic cirrhosis, neoplastic disease 
such as carcinoma of the prostate, lung, stomach, and cervix 

Urinary fibrinolysis, usually a normal physiological phenomenon, may fre- 
quently be associated with life-threatening complications following severe trauma, 
anoxia, and shock. Symptomatic of such complications is surgical hematuria 
(following prostatectomy and nephrectomy) or non-surgical hematuria accom- 
panying polycystic or neoplastic diseases of the genitourinary system) 
CONTRAINDICATIONS: AMICAR should not be used when there is evidence 
of an active intravascular clotting process 
WARNINGS: Safe use of AMICAR has not been established with respect to 
adverse effects upon fetal development. Therefore, it should not be used in 
women of child-bearing potential and particularly during early pregnancy, un 
less in the judgment of the physician the potential benefits outweigh the 
possible hazards 
PRECAUTIONS: AMICAR anunocaproic acid has a very specific action in 
that it inhibits both plasminogen activator substances and, to a lesser degree, 
plasmin activity. The drug should NOT be administered without a definite diag- 
nosis, and/or laboratory findings indicative of hyperfibrinolysis (hyperplasmi 
nemiaj* 

*Stefanini, M. and Dameshek, W.. The Hemorrhagic Disorders, Ed. 2. New 
York, Grune and Stratton, pp. 510-514, 1962 

The use of AMICAR should be accompanied by tests designed to determine 
the amount of fibrinolysis present. There are presently available (a) general 
tests, such as those for the determination of the lysis of a clot of blood or 
plasma and (b) more specific tests for the study of various phases of fibrinolytic 
mechanisms. These latter tests include both semiquantitative and quantitative 
technics for the determination of profibrinolysin, fibrinolysin, and antifibrinolysin 

Animal experiments indicate particular caution should be taken in adminis 
tering AMICAR to patients with cardiac, hepatic or renal diseases 

Demonstrable animal pathology in some cases have shown endocardial hem: 
orrhages and myocardial fat degeneration. The use of this drug should thus be 
restricted to patients in whom the benefit hoped for would outweigh the hazard 
Physicians are cautioned in the use of this product because of animal data 
showing rat teratogenicity and kidney concretions 

Rapid intravenous administration of the drug should be avoided since this 
may induce hypotension, bradycardia and/or arrhythmia 

One case cf cardiac and hepatic lesions observed in man has been reported 
The patient received 2 grams of aminocaproic acid every 6 hours for a total 
dose of 26 grams. Death was due to continued cerebral vascular hemorrhage. 
Necrotic changes in the heart and liver were noted at autopsy 

If it is accepted that fibrinolysis is a normal process, potentially active at all 
times to ensure the fluidity of blood, then it must also be accepted that inhibi 
tion of fibrinolysis by aminocaproic acid may result in clotting or thrombosis 
However, there is no definite evidence that administration of aminocaproic acid 
hes been responsible for the few reported cases of /nrravascular clotting which 
followed this treatment. Rather, it appears that such intravascular clotting was 
most likely a result of the fibrinolytic disease being treated 

It has been postulated that extravascular clots formed in vivo with incorpo- 
rated aminocaproic acid may not undergo spontaneous lysis as do normal clots 
However, it is the consensus of experts that the few reported cases of extra- 
vascular clotting could have occurred in the absence of aminocaproic acid 
treatment 
ADVERSE REACTIONS: Occasionally nausea, cramps. diarrhea, dizziness, 
tinnitus, malaise, conjunctival suffusion, nasal stuffiness, headache, and skin 
rash have been reported as results of the administration of aminocaproic acid 
Only rarely has it been necessary to discontinue or reduce medication because 
of one or more of these effects 

Thrombophlebitis, a possibility with all intravenous therapy, should be 
quarded against by strict attention to the proper insertion of the needle and the 
fixing of its position 
DOSAGE AND ADMINISTRATION: /¥/7/AL THERAPY- An initial priming 
dose of 5 grams of AMICAR administered either orally or intravenously followed 
by 1 to 1% gram doses at hourly intervals thereafter should achieve and sus- 
tain plasma levels of 0.130 mg./ml. of the drug. This is the concentration ap- 
parently necessary for the inhibition of systemic hyperfibrinolysis. Administration 
of more than 30 grams in any 24-hour period is not recommended 
INTRAVENOUS: AMICAR aminocaproic acid intravenous is administered by 
infusion, utilizing the usual compatible intravenous vehicles (e.g. Sterile Water 
tor Injection, physiologic saline, 5% dextrose or Ringer's Solution). RAPID 
INJECTION OF AMICAR INTRAVENOUS UNDILUTED INTO A VEIN IS NOT 
RECOMMENDED 

For the treatment of acure bleeding syndromes due to elevated fibrinolytic 
activity, it is suggested that 16 to 20 cc. (4 to 5 grams) of AMICAR intravenous 
be administered by infusion during the first hour of treatment, followed by a 
continuing intusion at the rate of 4 cc. (1.0 gram) per hour. This method of treat 
ment would ordinarily be continued for about 8 hours or until the bleeding 
situation has been controlled 
ORAL THERAPY: If the patient is able to take medication by mouth, an iden- 
tical dosage regimen may be followed by administering AMICAR Tablets or 
25% Syrup as follows: For the treatment of acute bleeding syndromes due to 
elevated fibrinolytic activity, it is suggested that 10 tablets (5 grams) or 4 tea- 
spoontuls of syrup (5 grams) of AMICAR be administered during the first hour 
of treatment, followed by a continuing rate of 2 tablets (1 gram) or 1 teaspoontul 
of syrup (1% grams) per hour. This method of treatment would ordinarily be 
continued for about 8 hours or until the bleeding situation has been controlled 
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new adjustable 


BUNN . 
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respiratory exerciser 
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The Bunn Respirex is the first inexpensive res- 
piratory exerciser with an adjustable indicator 
for monitoring patient inspiratory progress. It 
promotes deep breathing in preoperative and 
postoperative treatment to prevent atelectasis. 


UNIQUE DESIGN PROVIDES VISUAL INCENTIVE 
The new Bunn Respirex encourages patient 
cooperation by providing a visual incentive for 
deeper inspiration, as prescribed. 


INEXPENSIVE YET DURABLE, AND EASY TO USE 
Constructed of sturdy, break-resistant plastic 
for safe maintenance free operation. Designed 
for single patient use, the Bunn Respirex is the 
perfect respiratory exerciser for in-hospital, 
out-patient and at-home treatment. 


for more information contact 


JOHN BUNN COMPANY 

A Division of Greene & Kellogg Inc. 

1716 Main Street, Buffalo, New York 14209 

Specialized Hospital Equipment Since 1945 
Phone 716-885-7400 





Years ago, most ostomates went home with a so-called “permanent” appliance. The 
disposables available then were mainly for post-op use. Now, though, there's a 
family of simple, convenient disposables your patient can wear home with confi- 
dence. These Hollister disposables offer all you'd expect of “post-op” appliances: 
lightness, one-piece construction, ease of handling. Yet they’re strong—made of a 
tough multi-layered film that holds back odor more than 200 times as effectively as 
common polyethylene plastic. Thousands of ostomates who were started with 
Hollister disposables in the hospital have gone right on using them as their full-time 


appliances. Your patients can, too. 


OSTOMY PRODUCTS 


THE DISPOSABLE OSTOMY APPLIANCES 


MADE FOR EVERYDAY WEAR 





COLOSTOMY: 

Send her home confident. 

^n odor-barrier Karaya Seal stoma 
dag will provide 

skin protection, 

security, and 

simple self-care a $ E 
intil her 

solostomy is 

'egulated. And 

dollister’s ver- 

satile, mess- 

ninimizing 

Zombination 

Zone/Tube 

rrigator Kit offers an easy way to 
2stablish her irrigating routine. 


There’s a Hollister Product to simplify 
every stoma-care task 


HOLLISTER» 


HOLLISTER INCORPORATED - 211 EAST CHICAGO AVENUE, CHICAGO, ILLINOIS 60611 
HOLLISTER LIMITED * WILLOWDALE, ONTARIO M2J 1P8 


Send him home secure. 


Specify a Karaya Seal Drainable— 
the disposable 





without elaborate 
skin preparation. 


around the stoma, 
sealing off skin 

from potentially excoriating 
discharge, yet is easy to put 
on, easy to empty, and easy 






UROSTOMY: 

Spare her the faceplate-cement- 
solvent routine. 
Requisition 
Urostomy Bag 
appliances by 
Hollister. These 
one-piece dis- 
posables have a 
convenient drain 
valve for ambula- 
tory patients, a 
snap-on tube for 
bedside drainage, 
and do away with 
the time-consuming 
ritual associated with 
most "permanent" appliances. 


NO-CHARGE EVALUATION SETS AVAILABLE. 
Write on professional or hospital letterhead. 


ven Drilliant surgery 
can be complicated 
by infection... 





ANCEF is effective 


in post-surgical infections: 


€ "Broad coverage of the major areas of post-surgical infection due to 
susceptible organisms. See Indications on next page. 


e High Levels Present in Tissues and Fluids} 

Ancef® achieves high concentrations in bone, synovial fluid, skin and soft 
tissues (such as pleural fluid, peritoneal fluid and lymph nodes). Ancef® 
is also excreted in a microbiologically active form in urine. 


e High and Prolonged Serum Levels 

A single 1 gram IV injection produced a mean peak concentration of Ancef 
of 190 mcg/ml in healthy adult volunteers. After 4 hours, levels of 16.5 
mcg/ml were still present. 


® 


e [Mor IV Dosage Flexibility 
The same dosage schedule can be used for both IM and IV administration. 


e Well Tolerated 

Most frequently reported adverse reaction is pain on injection. Please see 
next page for a complete list of reported adverse reactions. Use with caution 
in patients with penicillin or other allergies. 


Please see next page for a brief summary of prescribing information, 
including indications, contraindications, warnings, precautions, and 
adverse reactions. 

+ Data on file, SK&F Medical Department. Tissue penetration is regarded as essential to therapeutic 
efficacy, but specific antibiotic tissue levels have not been directly correlated with specific 
therapeutic effects. 
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brand oí sterile 


CEFAZOLIN SODIUM 


(LYOPHILIZED) 


Injection: 250 mg, 500 mg, and 1 gram vials 


Before prescribing, see complete prescribing information in 
SK&F literature or PDR. The following is a brief summary. 


Indications: Ancef? (sterile cefazolin sodium, SK&F) is 
indicated in the treatment of the following serious infec- 
tions due to susceptible organisms. 


Respiratory tract infections due to Streptococcus (Diplo- 
coccus) pneumoniae, Klebsiella species, Hemophilus in- 
fluenzae, Staphylococcus aureus (penicillin-sensitive and 
penicillin-resistant), and group A beta-hemolytic strep- 
tococci. 


Injectable benzathine penicillin is considered to be the 
drug of choice in the treatment and prevention of strepto- 
coccal infections, including the prophylaxis of rheumatic 
fever. 


‘Ancef’ is effective in the eradication of streptococci from 
the nasopharynx; however, data establishing the efficacy 
of ‘Ancef’ in the subsequent prevention of rheumatic fever 
are not available at present. 


Genitourinary tract infections due to Escherichia colt, Proteus 
mirabilis, Klebsiella species, and some strains of enterobacter 
and enterococci. 


Skin and soft-tissue infections due to S. aureus (penicillin- 
sensitive and penicillin-resistant) and group A beta- 
hemolytic streptococci and other strains of streptococci. 


Bone and joint infections due to S. aureus. 


Septicemia due to Sir. pneumoniae, S. aureus (penicillin- 
sensitive and penicillin-resistant), P. mirabilis, E. coli, and 
Klebsiella species. 


Endocarditis due to 5. aureus (penicillin-sensitive and 
penicillin-resistant) and group A beta-hemolytic strep- 
tococci. ; 


Appropriate culture and susceptibility studies should be 
performed to determine susceptibility of the causative 
organism to ‘Ancef’. 


Contraindication: ‘Ancef’ is contraindicated in patients with 
known allergy to the cephalosporin group of antibiotics. 


Warnings: BEFORE CEFAZOLIN THERAPY IS INSTI- 
TUTED, CAREFUL INQUIRY SHOULD BE MADE 
CONCERNING PREVIOUS HYPERSENSITIVITY 
REACTIONS TO CEPHALOSPORINS AND PENI- 
CILLIN; CEPHALOSPORIN C DERIVATIVES SHOULD 
BEGIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE 
PATIENTS. 


SERIOUS ACUTE HYPERSENSITIVITY REACTIONS 
MAY REQUIRE EPINEPHRINE AND OTHER EMER- 


nme ee eer à NENIAN 


There is some clinical and laboratory evidence of partial 
cross-allergenicity of the penicillins and the cephalosporins 
Patients have been reported to have had severe reactions 
(including anaphylaxis) to both drugs. 


Antibiotics, including ‘Ancef’, should be administered 
cautiously to any patient who has demonstrated some form 
of allergy, particularly to drugs. 


Usage in Pregnancy —Safety of this product for use during 
pregnancy has not been established. 


Usage in Infants —Safety for use in prematures and infants 
under one month of age has not been established. 


Precautions: Prolonged use of ‘Ancef may result in the over 
growth of nonsusceptible organisms. Careful clinical ob- 
servation of the patient is essential. If superinfection occurs 
during therapy, appropriate measures should be taken. 


When ‘Ancef is administered to patients with low urinary 
output because of impaired renal function, lower daily 
dosage is required (see dosage instructions in the package 
literature). 


A false-positive reaction for glucose in the urine may occur 
with Clinitest® tablets; use glucose enzyme-type reagents. 


Adverse Reactions: The following reactions have been re- 
ported: Drug fever, skin rash, vulvar pruritus, eosino- 
philia, neutropenia, leukopenia, thrombocythemia, and 
positive direct and indirect Coombs tests have occurred. 
Transient rise in SGOT, SGPT, BUN, and alkaline phos- 
phatase levels has been observed without clinical evidence 
ofrenal or hepaticimpairment. Nausea, anorexia, vomiting. 
diarrhea, and oral candidiasis (oral thrush) have been 
reported. Pain at the site of injection after intramuscular 
administration has occurred, some with induration. Phle- 
bitis at the site of injection has been noted. Other reactions 
have included genital and anal pruritus, genital moniliasis, 
and vaginitis. 


Administration and Dosage: 'Ancef' may be administered 
intramuscularly or intravenously after reconstitution. See 
the package literature for reconstitution procedures. 


See the package literature for dosage recommendations. 
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your surgical 
instruments should feel 
as much a part of 
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skilled 
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DePuy instruments 
make it happen! 












Precisely 
m» engineered to 
complement 

; your skill. 


Thin beveled blades cut cleanly, evenly along the 
entire blade bearing surface right to the tips. So 
delicate tissue won't tear or catch. Ever. The 
action is effortless. The feel, comfortable 
because finger holes are carefully contoured 
and properly sized. The result, hours of 

confident, fatigue-free procedures. And a 
guarantee for 40 precise years. STILLE 
Stille straight and curved 
dissecting scissors. 
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Reliable and safe hemostat 


fo help control small-vessel bleedin 
without injuring vital tissue 
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Absorhahle Hemostat 
oxidized regenerated cellulose 





SURGICEL Absorbable Hemostat 


TRADEMARK 
(oxidized regenerated cellulose) 


FOR SURGICAL USE 
(For dental applications of this product, refer- 
ence should be made to the package insert for 
dental use.) 


DESCRIPTION: SURGICEL Absorbable Hemo- 
stat is a chemically-sterilized, absorbable 
knitted fabric prepared by the controlled oxi- 
dation of regenerated cellulose. The fabric is 
white with a pale yellow cast and has a faint, 
caramel-like aroma. It is strong and can be 
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sutured or cut without fraying. It is stable and 
can be stored at controlled room temper- 
ature. A slight discoloration may occur with 
age, but this does not affect performance. 


ACTIONS: The mechanism of action whereby 
SURGICEL accelerates clotting is not com- 
pletely understood, but it appears to be a 
physical effect rather than any alteration of 
the normal physiologic clotting mechanism. 
After SURGICEL Absorbable Hemostat has 
been saturated with blood, it swells into a 
brownish or black gelatinous mass which aids 
in the formation of a clot, thereby serving as 
a hemostatic adjunct in the control of local 
hemorrhage. When used properly in minimal 
amounts, SURGICEL is absorbed from the 
sites of implantation with practically no tissue 
reaction. Absorption depends upon several 
factors including the amount used, degree of 
saturation with blood, and the tissue bed. 


INDICATIONS: SURGICEL Absorbable Hemo- 
stat (oxidized regenerated cellulose) is used 
adjunctively in surgical procedures to assist 
in the control of capillary, venous, and small 
arterial hemorrhage when ligation or other 
conventional methods of control are imprac- 
tical or ineffective. 


CONTRAINDICATIONS: Although packing or 
wadding sometimes is medically necessary, 
SURGICEL Absorbable Hemostat should not 


be used in this manner unless it is to be re- 
moved after hemostasis is achieved. 

SURGICEL should not be used for implan- 
tation in bone defects, such as fractures, 
since there is a possibility of interference 
with callus formation and a theoretical chance 
of cyst formation. 

When SURGICEL is used to help achieve 
hemostasis around the spinal cord in lam- 
inectomies, or around the optic nerve and 
chiasm, it must always be removed after 
hemostasis is achieved since it will swell and 
could exert unwanted pressure. 

SURGICEL should not be used to control 
hemorrhage from large arteries. 

SURGICEL should not be used on non- 
hemorrhagic serous oozing surfaces, since 
body fluids other than whole blood, such as 
serum, do not react with SURGICEL to pro- 
duce satisfactory hemostatic effect. 


WARNINGS: SURGICEL Absorbable Hemostat 
is supplied sterile and should not be auto- 
claved because autoclaving causes physical 
breakdown of the product. 

SURGICEL is not intended as a substitute 
for careful surgery and the proper use of 
sutures and ligatures. 

Closing SURGICEL in a contaminated 
wound without drainage may lead to compli- 
cations and should be avoided. 

The hemostatic effect of SURGICEL is 






Rapid and complete absorption with = 

virtually no tissue reaction when used 
properly in minimal amounts for hemostasis--. 
SURGICEL Absorbable Hemostat is 
completely absorbable from sites of — ~ 
implantation after it has becomea 
gelatinous mass that aids inthe >. 
formation of a clot. > 


Convenient to use. SURGICEL = 
Absorbable Hemostat requires no addi- 
tional hemostatic preparation; it is ready for — 
use directly from the vial. When exposed 7 

to blood, it adheres readily to tissues but^^ — 
enerally not to dry instruments or dry surgical 
gloves. SURGICEL Absorbable Hemosta 
hould be stored at controlled room temperature» ^ 
Before using SURGICEL Absorbable Hemostat, — 
please refer to product information below. 


reater when it is applied dry; therefore it 
?ould not be moistened with water or saline. 
SURGICEL should not be impregnated with 
nti-infective agents or with other materials 
ich as buffering or hemostatic substances. 
s hemostatic effect is not enhanced by the 
ddition of thrombin, the activity of which is 
astroyed by the low pH of the product. 
Although SURGICEL Absorbable Hemostat 
iay be left in situ when necessary, it is ad- 
sable to remove it once hemostasis is 
zhieved. It must always be removed from 
ie site of application after use in laminec- 
imy procedures and from foramina in bone 
hen hemostasis is obtained. This is because 
URGICEL, by swelling, may cause nerve 
amage by pressure in a bony confine. Pa- 
ilysis has been reported when used around 
we spinal cord, particularly in surgery for 
?rniated intervertebral disc. 


RECAUTIONS: Use only as much SURGICEL 
bsorbable Hemostat as is necessary for he- 
vostasis, holding it in place until bleeding 
‘ops. Remove any excess before surgical 
osure in order to facilitate absorption and 
linimize the possibility of foreign body 
action. 

SURGICEL should be applied loosely 
gainst the bleeding surface. Wadding or 
acking should be avoided, especially within 
gid cavities, where swelling may interfere 
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with normal function or possibily cause 
necrosis. 

In urological procedures, minimal amounts 
of SURGICEL should be used and care must 
be exercised to prevent plugging of the 
urethra, ureter, or a catheter by dislodged 
portions of the product. 

Since absorption of SURGICEL could be pre- 
vented in chemically cauterized areas, its use 
should not be preceded by application of sil- 
ver nitrate or any other escharotic chemicals. 

If SURGICEL is used temporarily to line the 
cavity of large open wounds, it should be 
placed so as not to overlap the skin edges. 
It should also be removed from open wounds 
by forceps or by irrigation with sterile water 
or saline solution after bleeding has stopped. 

Precautions should be taken in otorhino- 
laryngologic surgery to assure that none of 
the material is aspirated by the patient. (Ex- 
amples: controlling hemorrhage after tonsil- 
lectomy and controlling epistaxis.) 

Care should be taken not to apply SURGI- 
CEL too tightly when it is used as a wrap 
during vascular surgery (see “ADVERSE 
REACTIONS” section). 


ADVERSE REACTIONS: “Encapsulation” of fluid 
and foreign body reactions have been reported. 

There have been two reports of stenotic 
effect when SURGICEL Absorbable Hemostat 
has been applied as a wrap during vascular 


Wide hemostatic application in surgery. 
SURGICEĽ Absorbable Hemostat is a pliable 
knitted fabric that has been found to be inherently 
and dependably hemostatic when used as an aid in 
the control of small-vessel bleeding in abdominal, 
thoracic, neurosurgical, orthopedic, cardiovascular, 
gynecologic and otorhinolaryngologic procedures, 
in superficial open wounds and on donor sites. 
SURGICEL Absorbable Hemostat is a valuable 
adjunct in the control of small-vessel bleeding when 
ligation or other conventional methods of control 
are impractical or ineffective. 




















surgery. Although it has fot been established 
that the stenosis was directly related to the 
use of SURGICEL, it is important to be cau- 
tious and avoid applying the material tightly 
as a wrapping. 

Possible prolongation of drainage in cho- 
lecystectomies and difficulty passing urine 
per urethra after prostatectomy have been 
reported. There has been one report of a 
blocked ureter after kidney resection, in 
which postoperative catheterization was 
required. 

Occasional reports of "burning" and "sting- 
ing" sensations and sneezing when SURGI- 
CEL has been used as packing in epistaxis, 
are believed due to the low pH of the product. 

Burning has been reported when SURGI- 
CEL was applied after nasal polyp removal 
and after hemorrhoidectomy. Headache, burn- 
ing, stinging, and sneezing in epistaxis and 
other rhinological procedures, and stinging 
when SURGICEL was applied on surface 
wounds (varicose ulcerations, dermabrasions, 
and donor sites) also have been reported. 
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ACME UNITED RESPOSABLE INSTRUMENTS. 


Priced lowenough to throw away. 
Made well enough to reuse. 


Acme United RESPOSABLE Instruments solve the costly even grip. Scissor blades are sharp enough to cut all type 


problem of surgical instrument loss outside of the OR. of suture or trim tissue. Forceps grasp effectively without 

Simple. Practical. And cost effective. They're reusable bowing. All RESPOSABLE Instruments are lightweight anc 

instruments that are priced like disposables. +, easy to grip for dexterous handling. And they're inexpensi 
Made of stainless steel for extra toughness, 4 enough to throw away when cross-contamination is 

RESPOSABLE Instruments can withstand f 7 special concern. 

repeated processing by high vacuum / $ Acme United RESPOSABLE Instruments. You 


sterilizers, steam autoclaves or ethylene f À  canuse them. And lose them. Or throw them away 
oxide gas sterilizers. Their non-glare, »  Butyoull always get your money's worth before 
electro-polished surface won't discolor or Y they disappear. 
corrode. And the simple pivot pin hinges on | --— 
RESPOSABLE Instruments are exceptionally . . 
— e Acme United Corporation 
Medical Products Division 


easy to clean. 
Most importantly, these instruments are functional as well 


as inexpensive. The hemostat jaws align properly for a firm, 100 Hicks Street, Bridgeport, Conn. 06609 


Saving money is only one of the advantages. 
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GeeNU lomusneCQND — 


An oal anticancer chemotherapeutic 
agent useful in the management of: 

1/orimary and metastatic 
brain tumors, following appropriate 
surgery and/or radiotherapy 

9/ Hodgkins disease, as a 


secondary therapy S. 
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CeeNU is to be used in the above indications as KK LS 


palliative therapy in addition to other modalities, or 
in established combination therapy with other 
approved chemotherapeutic agents. 

The oral formulation of CeeNU™ provides 
a significant advantage for patient management, 
both in the hospital and, when feasible, on an 
outpatient basis. 

Since the major toxicity with CeeNU™ 
is delayed bone marrow suppression, blood 
counts should be monitored weekly for at 
least 6 weeks after each dosage. 


Supplied: 10 mg, 40 mg and 100 mg 
capsules. 

The package consists of six cap- 
sules of the following sizes: For further information on CeeNU (lomustine [CCNU] ), 
Blenoxane (sterile bleomycin sulfate), Mutamycin (mitomycin for injection), 
fill out business reply card. 
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I Check 
1 here 
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(mitomycin for injection) 
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CeeNUTM (lomustine [CCNU]) 
For complete information, consult 
Official Package Circular. (3) 3/77 


Warning 


CeeNU should be administered by 
individuals experienced in the use 
of antineoplastic therapy. 

Since the major toxicity is de- 
layed bone marrow suppression, 

. blood counts should be monitored 
weekly for at least 6 weeks after 
a dose. (See " Adverse Reactions".) 

Ai the recommended dosage, 
courses of CeeNU should not be 
given more frequently than every 
6 weeks. 

Caution should be used in ad- 
ministering CeeNU to patients with 
decreased circulating platelets, 
leukocytes, or erythrocytes. (See 
"Dosage and Administration") 

Liver funcion should be moni- 
tored periodically. (See "Adverse 
Reactions") 





Indications. CeeNU is indicated as 
palliative therapy to be employed in 
addition to other modalities, or in 
'establisked combination therapy with 
other approved chemotherapeutic 
agents in the following: 

Brain tumors—both primary and 
metastatic, in patients who have 
already received appropriate surgical 
and/or radiotherapeutic procedures; 

Hodgkin's disease—as a secondary 
therapy. 

Contraindications. CeeNU should not 
be given to individuals who have 
demonstrated a previous hyper- 
sensitivity to it. 

Warnings. Scfe use in pregnancy has 
not been established. CeeNU is 
embryotoxic and teratogenic in rats 
and embryotoxic in rabbits at dose 
levels equivalent to the human dose. 
CeeNU also affects fertility in male 
tats at doses somewhat higher than 
the human dose. 

CeeNU is cafcinogenic in rats and 
mice, producing a marked increase 
in tumor incidence in doses approxi- 
mating those employed clinically. 
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Precautions. CeeNU (lomustine 
ICCNUD should be administered by 
individuals experienced in the use of 
antineoplastic therapy. s 

Since the major toxicity is delayed 

bone marrow suppression, blood 
counts should be monitored weekly 
for atleast 6 weeks after a dose. 
(See "Adverse Reactions") At the 
recommended dosage, courses of 
CeeNU should not be given more 
frequently than every 6 weeks. 

Caution should be used in admin- 
istering CesNU to patients with 
decreased circulating platelets, leu- 
kocytes, or erythrocytes. (See “Dosage 
and Administration") 

Liver function should be moni- 
tored pericdically. (See "Adverse 
Reactions") 

Adverse Reactions. Nausea and vomit- 
ing may occur 3 to 6 hours after an 

oral dose and usually last less than 

24 hours. The frequency and duration 
may be reduced by the use of anti- 
emetics prior to dosing and by the 
administration of CeeNU to fasting 
patients. 

Thrombocytopenia occurs at about 
4 weeks after a dose of CeeNU and 
persists for 1 to 2 weeks. 

Leukopenia occurs at about 6 weeks 
after a dose of CeeNU and persists 
for 1 to 2 weeks. Approximately 65% 
of patients develop white blood 
counts below 5000 wbc/mm? and 
36% develop white blood counts 
below 3000 wbc/mm?. 

CeeNU may produce cumulative 
myelosuppression, manifested by 
more derressed indices or longer 
duration of suppression after repeated 
doses. 


Other toxicities: Stomatitis, alopecia, ` 


anemia, and hepatic toxicity, mani- 
fested by transient reversible elevation 
of liver function tests, have been 
reported infrequently. 

Neurological reactions such as 
disorientation, lethargy, ataxia, and 
dysarthria have been noted in some 
patients receiving CeeNU. However, 
the relationship to medication in these 
patients is unclear. 
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Dosage and Administration. The 
recommended dose of CeeNU 
(lomustine [CCNU]) in adults and 
children is 130 mg/M? as a single 
dose by mouth every 6 weeks. 

In individuals with compromised 
bone marrow function, the dose should 
be reduced to 100 mg/M? every 
6 weeks. 

A repeat course of CeeNU should 
not be given until circulating blood 
elements have returned to acceptable 
levels (platelets above 100,000/mm3; 
leukocytes above 4,000/mm?). Blood 
counts should be monitored weekly 
and repeat courses should not be 
given before 6 weeks because.the 
hematologic toxicity is delayed and 
cumulative. 

Doses subsequent to the initial dose 
should be adjusted according to the 
hematologic response of the patient 
to the preceding dose. The following 
schedule is suggested as a guide 
to dosage adjustment. 

Nadir After Prior Dose 
Leukocytes Platelets 


2.100,000 
75,000-99,999 
25,000-74,999 

< 25,000 


When CeeNU is used in combina- 
tion with myelosuppressive drugs, the 
doses should be adjusted accordingly. 
Supply. This dose pack of CeeNU 
(lomustine [CCNU]) Capsules 
contains: 

NDC 0015-3032-13—2—100 mg capsules 

(Green/Green). 

NDC 0015-3031-13—2—40 mg capsules 

(Purple/Green). 

NDC 0015-3030-13—2—10 mg capsules 

(Purple/Purple). 

Directions to the Pharmacist: The cap- 
sules are to provide enough medication 
for a single dose. The total dose pre- 
scribed by the physician can be 
obtained (to within 10 mg) by deter- . 
mining the appropriate combination 

of the enclosed capsule strengths. : 

The appropriate number of capsules 
of each size should be placed in a 
single vial to which the patient infor- 
mation label (gummed label provided) 
explaining the differences in the ap- 
pearance of the capsules is affixed. 

Example: A patient dose of 240 mg 
can be obtained by combining two 
100 mg capsules and one 40 mg cap- 
sule. The remaining capsules (if any) 
should be discarded. 

A patient information sticker, to be 
placed on dispensing container, is 
enclosed. 

For information on package sizes 
available, refer to the current price 
schedule. 


` Percentage of Prior 
Dose to be Given 


100% 
100% 
70% 
50% 


3000-3999 
2000-2999 
«2000 
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Total Colectomy and Mucosal Proctectomy with Preservation 
of Continence in Ulcerative Colitis 


LESTER W. MARTIN, M.D., CLAUDE LECOULTRE, M.D., WILLIAM K. SCHUBERT, M.D. 


Since ulcerative colitis is a mucosal disease, it would appear 
possible to remove the diseased rectal mucosa and preserve all 
anorectal musculature. When performed in conjunction with 
total colectomy, the terminal ileum could then be placed 
inside the retained muscular wall of the rectum and 
anastomosed to the anus. This would remove all of the disease 
and yet preserve anorectal continence. Seventeen patients with 

^ chronic ulcerative colitis have undergone this operation with 
satisfactory results in 15 and no deaths. Many details of 
preoperative, operative and postoperative management are 
presented which are imperative for a successful result. Suf- 
ficient experience has been gained that the operation can now 
be recommended. 


HEN SURGERY IS REQUIRED for the treatment of 

* W chronic idiopathic ulcerative colitis, the usual 
operation is total colectomy with construction of a 
permanent ileostomy. The diseased tissues are re- 
moved and the prognosis for life expectancy is good. 
Nevertheless, some patients, particularly teenagers 
and young adults, are reluctant to accept a permanent 
ileostomy. They fear that it will cause embarrassment 
in relation to courtship, marriage, participation in 
sports and other activities. Consequently, surgery is 
often deferred until the risk is prohibitive because of 
“the advanced stage of the disease and poor general 
condition of the patient. If it is possible to retain 
rectal control, this would be preferable to an abdominal 
ileostomy. 
Since ulcerative colitis is primarily a mucosal 
disease, it would appear possible to remoye the 
diseased rectal mucosa and preserve all the anorectal 
musculature. When performed in conjunction with total 
colectomy, the terminal ileum could be placed) inside 
the retained muscular wall of the rectum anasto- 
mosed to the anal canal. This would remove all the 
disease and yet preserve anorectal continence. This 
philosophy was the basis for the operative technique 
described by Ravitch and Sabistor? in 1947. The tech- 
nique was applied to at least one patient with 
ulcerative colitis. Soave,? in 1963, reported a similar 








Presented at the Annual Meeting of the American SurgicaliAssocia- 
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operation for the management of Hirschsprung’s dis- . 
ease. He indicated that the technique had been em- 
ployed in Brazil by Simonson, Mendonca and Raia in 
the management of megacolon of the acquired variety 
due to Chagas disease. Pomerantz and Sabiston,? in 
1968, reported satisfactory results with one patient with 
ulcerative colitis employing this technique. Other 
reports have likewise been encouraging and the 
operation has subsequently become popular for 
Hirschsprungs disease. More recent advances in the 
areas of broad spectrum antibiotics, steroid therapy 
and total parenteral nutrition lend additional support to 
minimize the risk of major surgical undertakings. 

During the past ten years, we have attempted to 
preserve rectal continence in 17 patients undergoing 
total colectomy for chronic ulcerative colitis. A method 
of management has evolved which would appear to be 
successful and can be recommended for. selected pa- 
tients, . 


Clinical Material 


Seventeen patients, 11 to 20 years of age, with 
symptoms for three months to 12 years are included 
and represent all patients coming to surgery at the 
Children's Hospital over the past ten years with a 
diagnosis of chronic ulcerative colitis. All had been 
evaluated by the Pediatric Gastroenterology Service 
because of unsatisfactory response to medical manage- 
ment including dietary restriction, systemic steroids, 
steroid enemas, Azulfidine (sulfasalazine, Phar- 
macia Laboratories, Inc.), Lomotil (diphenoxylate 
hydrochloride with atropine sulfate, Searle and Co.) 
and other supportive measures. The diagnosis had been 
established by radiographic examination with barium 
enema, sigmoidoscopy and biopsy with histologic 
examination. All had symptoms of bloody diarrhea 
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TABLE l. Complications 





Pelvic infection 
Cuff abscess 
Wound infection 
Stricture 

Bleeding 

Bowel obstruction 


Lad m 3 GA G9. 09 





and as much as 30 pounds of weight loss. Growth 
retardation was attributed to a combination of the ef- 
fects of the disease and the steroid therapy. In each 
instance, the objective of the operative approach was 
to perform a total colectomy and yet preserve 
anorectal continence. 


Operation 


It is essential that the rectal mucosa be free of 
gross disease at the time of operation. This may be 
achieved by intensive medical management, total 


parenteral alimentation, steroid therapy, establishment 


of a preliminary diverting ileostomy with subtotal 
colectomy, or a combination of these measures. Often, 
four to six weeks of preoperative total parenteral 
alimentation is required to adequately prepare the 
colon. 

The first step of the operation is a sigmoidoscopic 
examination. In the event of active gross disease, a 
mucosal protectomy should not be attempted. If the 
mucosa is free of gross disease, the rectum is 
thoroughly irrigated with physiologic saline solution. If 
a subtotal colectomy has not been previously per- 
formed, a large rectal tube is inserted to aid in 
further irrigation after the abdomen is open. The 
patient is then placed supine with the legs flat on the 
operating table. If the patient has an ileostomy, it is 
closed, the instruments discarded and the abdomen 
again prepared and draped. The abdomen is opened 
through a long left paramedian incision. A con- 
stricting tape is placed snugly about the sigmoid colon 
and the rectosigmoid thoroughly irrigated through the 
rectal tube by an assistant. The abdominal colon is 
mobilized in routine manner for resection. The perito- 
neal floor about the rectum is opened. A circumferential 
incision is made through the muscular wall of the 
colon just below the peritoneal reflection. Dissection is 
then continued downward separating the muscular wall 
of the rectum from the mucosa and the submucosa. 
Many small vessels will be encountered and can be 
fulgurated before they are divided or disrupted. This 
portion of the operation requires two to three hours 
of careful dissection. It is important not to perforate 
the mucosa. The resulting mucosal cylinder can be 
dissected free all the way to the anus. A second 
ligature is placed about the sigmoid colon distal to the 
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previous one and the colon transected between the two 
The terminal ileum is next divided between anasto 
motic clamps and the colon passed from the operativ: 
field. The terminal ileum is closed with interrupter 
sutures taking care to avoid contamination. Th 
mesentery of the terminal ileum is then incised to affori 
sufficient length for the ileum to reach the anus, am 
yet care must be taken to preserve an adequate bloo 
supply. 

The surgeon then proceeds to the perineal portion o 
the operation with an assistant remaining at the ab 
dominal field. The legs of the patient are elevatec 
to a lithotomy position, the anus gently dilated and tht 
rectal mucosa, previously mobilized from above, i: 
everted and delivered outside the anus. The entire 
perineal field is then prepared and draped. The recta 
mucosa is transected with electrocautery one centi 
meter above the mucocutaneous junction and the 
terminal ileum brought down through the rectal cana 
which has been preserved intact but denuded o 
mucosa. A single Penrose drain is placed between the 
wall of the ileum and the muscular cuff of rectum. The 
end of the terminal ileum is anastomosed to the 
anorectal mucosa completing the perineal portion of the 
operation. 

The patient's legs are returned to the operating 
table and the surgeon changes gown and gloves anc 
returns to the abdominal portion of the operation. À 
diverting ileostomy is established through a separate 
opening in the right abdomen but not opened until the 
working incision has been closed and sealed. We prefei 
the Turnbull diverting loop ileostomy and apply ar 
adherent ileostomy bag before the patient leaves the 
operating room. 

Following operation, the systemic steroid dosage i: 
gradually decreased, then discontinued. The ileostomy 
is closed three to six months later following complete 
healing of the rectal anastomosis. 


Results 


The results in general have been encouraging with 
no deaths and only two failures. It is now ten 
years since our first patient’s operation. He has two tc 
three stools daily, has complete control, and is a full- 
time college student. 

All patients have frequent, watery stools for several 
weeks following ileostomy closure and stools at night- 
time are not an uncommon occurrence. Immediately 
following operation, medication designed to decrease 
intestinal peristalsis has been of value. As long as six 
or 12 months have been required for adaptation, afte: 
which patients have complete control of two to eight 
semiformed stools daily. 

All 17 patients recovered and are currently free ol 
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disease. The two failures were both due to pelvic 
sepsis. Both have permanent ileostomies. Two patients 
have undergone the definitive operation but their 
proximal ileostomy has not yet been closed. The other 
` 13 all have complete bowel control. Four still have 
frequent watery stools but their ileostomy closure was 
recent and their course is satisfactory for this stage. 

Seven patients recovered with no complications but 
the other ten, including the two failures, developed 
a total of 18 significant complications (Table 1). 

Early in our experience, we performed the operation 
in the presence of active gross disease and without 
proximal diversion in three patients. All three devel- 
oped serious pelvic infection. 

The initial operation in four patients was subtotal 
colectomy with ileostomy. The definitive operation was 
performed at a later date with excellent results in three. 
In the other, the operation was performed in the 
presence of persistent rectal disease, and was followed 
by infection. 

A so-called ‘‘cuff abscess’ developed in three pa- 
tients. This is an abscess forming inside the rectal 
cuff between it and the wall of the ileum and in the 
absence of an anastomotic leak. All three subsequently 
developed a stricture which required release or dilata- 
tion under anesthesia. The cuff abscess has not been 
encountered since drainage of the cuff area was in- 
cluded as a part of the operative routine. 

Wound infections occurred in five patients. All were 
in patients in whom perforation of the rectal mucosa 
occurred during the operation. Four were prior to 
adoption of thorough rectal irrigation just prior to the 
operation. 

Bleeding from the superior hemorrhoidal artery in 
one patient four weeks following operation, neces- 
sitated hospitalization and laparotomy for. its control. 

— This patient is still awaiting ileostomy closure. Small 
bowel obstruction due to adhesions occurred as a late 
complication in three patients and necessitated laparo- 
tomy. 


Cenclusions 


Our experience with 17 patients with ulcerative 
colitis demonstrates that it is possible, at least in 
selected patients, to perform a total colectomy and yet 
retain rectal continence. The procedure is, however, 
subject to multiple complications unless certain precau- 
tions are rigidly observed. 

The most significant of all precautions is that gross 
rectal disease as visualized by proctoscopic examina- 
tion must be completely cleared prior to operation. 
This may be accomplished by total parenteral alimenta- 

: tion, by subtotal colectomy and ileostomy, by use of 
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systemic and rectal steroids, or by a combination of 
these methods. Inflamed, ulcerated mucosa is difficult 
to dissect from the muscle layer of the rectal wall, 
perforation is more likely and the resulting complica- 
tions can be devastating. 

It is of utmost importance that the rectum be 
thoroughly irrigated and be completely free of fecal 
contamination at the time of operation. Otherwise, a 


small perforation of the rectal mucosa during the 


course of the dissection will lead to destructive 
postoperative pelvic infection. 

Drainage of the space between the rectal muscular 
cuff and the wall of the ileum within it is important 
to eliminate collection of serum in the space, sub- 
sequent ‘‘cuff abscess” and eventual stenosis. 

The establishment of a proximal diverting ileostomy 
until rectal healing has occurred represents a basic 
surgical principle which must be strictly observed in 
this group of poor-risk patients. Both of our failures 
were in patients who did not have a protective 
diverting ileostomy. 

Strict observance of aseptic surgical technique with 
complete avoidance of contamination is essential. The 
patients have lost weight; their resistance is poor; their 
immune response is further depressed by long-term 
steroid therapy, and they are particularly vulnerable to 
infection. Antibiotics must be employed liberally and 
any blood lost during the operation must be accurately 
replaced. 


Summary 


Our experience with 17 patients with chronic 
ulcerative colitis demonstrates that it is possible to 
perform a total colectomy with mucosal proctectomy 
and preserve anorectal continence. 
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DISCUSSION 


DR. Mark RaVITCH (Pittsburgh, Pennsylvania): I'm very excited 
by this presentation of Dr. Martin's of the endorectal mucosal 
stripping pullthrough operation. As he indicated, Dr. Sabiston and 
I did this in dogs about 30 years ago, and we have applied the 
procedure now to ulcerative colitis, polyposis, long pullthroughs 
for long segment of villous adenoma, and even for people with a 
destroyed rectum from lymphopathia venereum. 

As so frequently happens, the first patient we performed this on 
had ulcerative colitis. He did beautifully. He's done beautifully 
ever since. I’ve never done that well again with a patient with 
ulcerative colitis. : 

In polyposis it would seem to be that if you do the operation 
well technically, the patient will be continent and will be happv 
forever, although it may take a while. Dr. Soper in Iowa and others 
have now considerable experience with this operation for polyposis. 

With respect to Lester's presentation, I'm a little concerned about 
his description of the normal rectum. I wouldn't see this in ulcera- 
tive colitis, and yet that specimen looked like ulcerative colitis, and 
not like granulamatous colitis. 

We did a pull-through in one patient with ulcerative colitis that 
had not yet involved the right colon, and pulled the right colon 
down to the anus, and that patient went along ten years end finally 
had a recurrence. 


Dr. Martin's case selection is better than ours. His technique is : 


superior. We were doing originally our submucosal stripping entirely 
from below. I remember Harry Shumacker writing me a long time 
ago saying he tried it from above; and that, of course, was Soave's 
technical contribution to the operation, and we have since, of 
course, employed it from above. 

The interesting thing is why these people are continent; and they 
are continent. They can tell wind from water, and that's a good 
trick in any league. 

It is common to see in discussions of reta! continence a good 
deal about the necessity for preserving the last several centimeters 
of rectal mucosa, because it is that which perceives the presence of 
Stool; yet, obviously, this is gone in these patients, and my own 
impression is that what is left behind, because this is an endorectal 
procedure, is the proprioceptive perception of distension. And 
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whether that translates in the cerebrum to other sensations or not 
I don't know. It's also possible that just a little trickling of the ho 
ileal fluid on the bit of anal mucosa that's left is another signal. 

But these people are continent. They gradually stretch out the 
the number of stools over the day to very reasonable numbers 
In our experience the attainment of total continence has been fron 
three to nine months, with continence appearing earlier during tht 
day, and then finally at night. But this can be a difficult proposition 

In adults, given the superiority of our methods of handling ordinary 
ileostomy today over those of a couple of decades ago, and with the 
advent of the Koch ileostomy, I'm not as certain that the game i: 
worth the candle, but this is a very impressive and encouraging 
series. 


Dr. Lester W. MARTIN (Closing discussion): We employed thi: 
operation initially for children with polyposis and found that the 
rectal mucosa separated readily from the muscular wall of the rectum 
The patients recovered with minimal morbidity and no compli: 
cations. 

The operation was then attempted for patients with ulcerative 
colitis. The development of complications led us to advise pre 
operative parenteral alimentation, drainage of the cuff, and establish 
ment of a proximal ileostomy. We have had no experience with thi: 
operation for either villous adenoma or lymphopathia venerum. 

In the presentation, I probably overemphasized the statemen 
regarding the rectum being ''normal'" at the time of operation. I 
is not normal microscopically, but grossly, when visualized througl 
the proctoscope; it should appear normal in order for the operatior 
to proceed successfully. It is technically difficult to dissect ulceratec 
inflamed mucosa from the muscular wall without causing perfora 
tion and contamination. If the gross rectal disease cannot be 
eliminated by parenteral alimentation, then subtotal colectomy 
and establishment of an ileostomy is recommended with preservatior 
of therectum in the hopes that at some future date, the rectal disease 
may become sufficiently quiescent to permit mucosal proctectomy. 

We have not attempted to perform this operation for granuloma. 
tous disease or Crohn's disease of the colon since microscopically. 
Crohn's disease involves the full-thickness of the colonic wall. The 
procedure would, therefore, not be technically feasible. 


A Rational Approach to the Surgical Management 


of Melanoma 


E. CARMACK HOLMES, M.D.,* H. STEPHENS MOSELEY, M.D.,* DONALD L. MORTON, M.D.,* WALLACE CLARK, M.D.,T 


Our experience with 294 regional lymph node dissections in 
250 patients are reviewed. The relationship between the Clark’s 
level of invasion and the thickness of the primary is related to 
regional lymph node metastases. Patients with Clark’s Level 
III melanoma had a 29% incidence of regional lymph node 
metastases, Clark's Level IV had a 42% incidence of regional 
lymph node metastases and Clark's Level V a 58% incidence 
of regional lymph node metastases. Primary melanomas 
greater than 1.5 mm in thickness had a 38% incidence of 
positive regional lymph nodes. We therefore recommend a 
regional lymphadenectomy in patients with Clark’s Levels 
HI, IV and V and all melanomas that are greater than 1.5 mm 
in thickness. A new technique is described which is helpful 
in localizing the direction of ambiguous lymphatic drainage in 
patients with truncal melanoma. The use of radioactive col- 
loidal gold scanning has been useful in predicting lymphatic 
shed in these ambiguous truncal melanomas. Certain techni- 
cal aspects of inguinal lymph node dissection are empha- 
sized in an attempt to reduce the morbidity of these dis- 
sections. It is emphasized that iliac-obturator lymph node 
dissections are not performed unless the inguinal lymph 
nodes are found to be involved by frozen section examina- 
-- tion at the time of surgery. 


T HE SURGICAL MANAGEMENT of malignant mela- 
noma has long been a highly controversial subject. 
The basic principle of wide excision of the primary site 
is generally accepted as the proper management of the pri- 
mary lesion.? The controversy, however, surrounds the 
appropriate management of the regional lymph nodes. 
When the regional lymph nodes are clinically palpable 
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and suspicious of harboring metastases, it is agreed 
that therapeutic regional lymph node dissection is indi- 
cated. However, in the absence of clinically suspicious 
nodes, there is disagreement regarding the indications 
for elective regional lymph node dissection. The weight 
of evidence in the literature indicates that survival is 
better in patients with clinically negative nodes than 
in patients with clinically positive nodes.95:72:5 How- 
ever, there continues to be a justifiable concern over 
subjecting patients who may have negative nodes to 
regional lymph node dissection. This concern, of 
course, derives from the high incidence of complica- 
tions following regional lymph node dissection, 
especially in the inguinal area. An additional deterent, 
in melanomas of the trunk, is that not' infrequently, 
the lymph node drainage distribution is ambiguous and 
difficult to determine. In this setting, frequently re- 
gional lymph node dissection is deferred in view of the 
added morbidity of multiple lymphadenectomies. 

Since survival is considerably better following regional 
node dissection for clinically negative and patho- 
logically positive nodes than for clinically positive and 
pathologically positive nodes, it is desirable not to wait 
until clinically positive nodes develop before perform- 
ing the node dissection.***-2- Tt would therefore be 
highly desirable to be able to more accurately predict 
the presence of occult regional lymph node metastases 
preoperatively. In addition, any technique that would 
assist the surgeon in determining which regional lymph 
node group drained the ambiguous truncal melanoma 
would reduce the necessity of multiple regional 
lymphadenectomies. 

Aside from possible therapeutic benefits, there are 
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TABLE 1. Thickness of Level IH Melanomas 





Thickness | Number 
«.65 3 
.65—.76 7 
.77-1.5 46 
21.5 35 
Total 91 





other real benefits of elective regional lymph node dis- 
section. The presence of regional lymph node metas- 
tases is associated with an 80% chance of developing 
distant metastases and in their absence there is only a 
20% recurrence rate.!? This prognostic information can 
be very important in terms of reassuring the patient in 
those instances in which the lymph nodes are nega- 
tive. Conversely when the nodes are positive, surgery 
alone is often inadequate and additional therapy may be 
required. Since at the present time surgical adjuvant 
therapy for melanoma is experimental, a knowledge of 
the status of the regional nodes allows the selection 
of those patients who have a poor prognosis for experi- 
mental trials and spares the patient with negative nodes 
the morbidity and inconvenience of adjuvant therapy. 
Therefore, in addition to the possible therapeutic 
benefits, elective regional lymphadenectomy provides 
valuable information which assists the clinician in the 
management of the patient. 

With these considerations in mind, we have devel- 
oped a plan of management of the patient with 
malignant melanoma. This approach includes 1) the use 
of microstaging for preoperative prediction of micro- 
scopic lymph node metastases, 2) certain pre and post- 
operative as well as operative considerations which 
diminish the morbidity associated with inguinal lymph 
node dissection, and 3) a technique which appears to be 
useful in predicting the direction of lymphatic drainage 
in the ambiguous truncal melanoma. 

This report summarizes our experience with 294 
consecutive regional lymphadenectomies for malignant 
melanoma over the past five years. In an attempt to 
more accurately predict the presence or absence of oc- 
cult regional lymph node metastases, we performed 
careful clinical microstaging by the method of Clark? 
and more recently, we have added Breslow's! method. 
In addition, we have evaluated the use of radioactive 
colloidal gold scanning as a technique for determining 
the direction of lymphatic flow in malignant melanoma. 
Finally, a standard approach to the operative technique 
as well as the perioperative management has been 
developed which we feel results in acceptable mor- 
bidity for inguinal lymph node dissections. 
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Materials and Methods 


Two hundred and ninety-four regional lymph node 
dissections were performed in 250 patients from 
January 1971 through December 1976. All the patient: 
had biopsy proven melanoma and were referred to the 
Division of Surgical Oncology at the University o! 
California Los Angeles (UCLA). One hundred forty- 
one were males and 109 were female. All patients hac 
either previously undergone adequate wide excision ol 
the primary or they had wide excision of the primary 
done concomitantly with the regional lymphadenec- 
tomy at UCLA. Seventy-seven per cent (226) of the 
regional lymphadenectomies were performed synchro- 
nously or within four months of the excision of the 
primary. Twenty-three per cent of the regional 
lymphadenectomies were performed four months oi 
longer following wide excision of the primary. Forty 
patients underwent multiple lymph node dissections, 3€ 
undergoing two regional lymph node dissections and 
four undergoing three. Twelve patients had unknowr 
primaries. Nine patients had multiple primary mela- 
nomas, one patient with three, one patient with four 
and seven patients with two each. One hundred and 
twelve inguinal lymph node dissections, 56 radical 
neck dissections and 126 axillary dissections were per- 
formed for a total of 294 regional lymph node dis- 
sections in 250 patients. 

In 202 of the 250 patients, the primary malignant 
melanoma was evaluated histologically by Clark. The 
primaries were classified by Clark according to Clark's 
classification into Level II, Level III, Level IV anc 
Level V melanoma. There were 12 unknowr 
primaries. In 36 patients tissue from the primary lesior 
was not adequate or available for determination of a 
Clark's level. One hundred twenty-seven of these 202 
were evaluated according to the greatest thickness ol 
the lesion in accordance with the technique of Bres- 
low.! This technique calls for the determination of the 
thickness by direct measurement with an optical 
micrometer determining the maximum depth in mm 
beneath the granular layer of the epidermis. Originally 
and for the first three and one half years of this 


TABLE 2. Thickness of Level IV Melanomas 





Thickness Number 
<.65 6 
.65—.76 2 
77-15 3 
21.5 31 
Total 36 
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Fic. 1. Incidence of me- 
tastases to regional lymph 
nodes in patients with 
- Level If] melanomas greater 
than 0.76 mm thick. Total 
number of pathologically 
positive nodes = 32 (29% 


of 112 level III patients). POSITIVE 


17 den 


study, the thickness of each primary was not 
determined. However, recently we have begun to 
evaluate the thickness in mm of all primaries regardless 
of the Clark’s Level. To date 127 patients have under- 
gone regional lymph node dissection who had the 
thickness of the primary determined by the technique 
of Breslow.! 

Since the median follow-up in this study is less 
than two years, no attempt was made to relate 
survival to the microstaging or the therapy de- 
scribed. 

Each patient was carefully evaluated for clinically 
suspicious regional lymph nodes preoperatively and if 
present, these nodes were considered to be clinically 
positive. Following surgery, the regional lymph nodes 
were carefully dissected by the surgical pathologist 
and each node was examined microscopically. 

Inanattemptto evaluate the postoperative morbidity 
associated with inguinal node dissection, 84 of the 108 
patients who underwent inguinal node dissections were 
evaluated for the presence of postoperative edema and 
activity limitation. Circumference measurements of 
both calves and thighs were performed in these 84 
patients and a questionnaire was filled out regarding 
their activity. 

In a pilot study over the last one and one half 

- years, radioactive colloidal gold (7?9Au) injection into 
the area of the primary melanoma was evaluated in an 
attempt to describe the distribution of lymphatic 
drainage from primary truncal melanomas. Each pa- 
tient was injected intradermally around the primary 
lesion with 0.1 mCi of Au. Radionucleotide scanning 
was accomplished 24 hours following injection by the 
use of a longitudinal multi-plane tomographic scanner. 
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17 (15%) 


PATHOLOGI CALLY L PATHOLOGI CALLY 
NEGATIVE POS Abs 


(22) 15 (885) 


Details of this technique have been previously re- 
ported.5 The patients then underwent regional lymph- 
adenectomy and the presence or absence of metastases 
to the lymph nodes was correlated with the distribu- 
tion of the colloidal gold in the regional lymph node 
sites. 


Results 


Correlation of Regional Lymph Node Metastases with 
Clinical Microstaging E 


In 202 instances, the Clark level of invasion was 
determined. In 127 instances the thickness of the thick- 
est portion ofthe primary melanoma was determined by 
the technique of Breslow. Since throughout most of 
this study, only patients with Level III melanomas 
greater than .76 mm in thickness and patients with 
Level IV and Level V melanomas underwent elective 
regional lymph node dissection, we are unable at this 
time to comment upon the incidence of occult micro- 
scopic metastases in Clark's Level II lesions and Level 
IH lesions less than .76 in thickness. 

The thickness was determined in 91 of the 112 pa- 
tients with Level III melanoma. Table 1 indicates that 
the majority of these lesions were greater than .65 mm 
in diameter. Only ten patients with Level III mela- 
nomas less than .76 mm in diameter underwent regional 
lymph node dissection and all had clinically positive 
regional lymph nodes. Table 2 indicates that 31 of the 
36 Level IV melanomas were greater than 1.5 mm in 
thickness. 

Of the 112 patients with Level III melanoma, 17 
(15%) had clinically positive nodes and 95 (85%) had 
clinically negative nodes. Eighteen per cent or 17 pa- 


78 PATIENTS 

Fic. 2. Incidence of me- 
tastases to regional lymph CLINICALLY NEGATIVE CLINICALLY POSITIVE 
nodes in patients with 
Level IV melanomas. Total 59 (763) 19 (242) 
number of pathologically : | | 
positive nodes = 33 (42% PATHOLOGICALLY. ATHOLOGICALLY PATHOLOGICALLY. ATHOLOGICALLY 
of 78 level IV patients). POSITIVE NEGATIVE NEGATIVE POSITIVE 

16 (oz) 43 (p 2 don 17 don 
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12 PATIENTS 
Fic. 3. Incidence of me- 
CLINICALLY NEGATIVE GLINICALLY POSITIVE tastases to regional lymph 
z 1 nodes in patients with 
6 (502) 6 (500 Level V melanomas. Total ~ 
| number of pathologically 
PATHOLOGICALLY PATHOLOGICALLY PATHOLOGICALLY PATHOLOGICALLY positive nodes = 7 (58% of 
POSITIVE NEGATIVE NEGATIVE POSITIVE 12 level V patients). 
2 (33%) 4 (662) 1 (17%) 5 (832) 


tients with clinically negative nodes were found to have 
microscopic metastatic disease on histological ex- 
amination. Fifteen of the 17 clinically positive patients 
also had pathologically positive nodes. Therefore the 
overall incidence of pathologically positive nodes in 
these 112 patients with Level III melanomas was 29% 
(Fig. 1). 

Figure 2 indicates the findings of regional lymph 
node dissections in patients with Level IV melanoma. 
During the five years of this study all patients with 
Level IV melanoma underwent regional lymph node 
dissection regardless of the clinical status of the 
regional lymph nodes. Seventy-eight Level IV 
melanoma patients underwent regional lymph node 
dissection. Nineteen (24%) had clinically positive 
nodes and 59 (76%) had clinically negative nodes. Of 
those patients with clinically negative nodes, 16 or 
(27%) harbored occult metastatic disease. The overall 
incidence of pathologically positive nodes was 42%. 

There were only 12 Level V patients of whom half 
had clinically positive nodes (Fig. 3). Two or (33%) 
of the patients with clinically negative nodes had 
pathologically positive nodes. The overall incidence of 
positive lymph nodes in Level V patients was 58%. 
In spite of the small numbers, it is clear from this 
and other studies, that Level V melanoma has a high 
mortality rate and a high incidence of regional lymph 
node metastases. 

Forty-eight patients with malignant melanomas be- 
tween 0.77 and 1.5 mm in thickness underwent regional 
lymph node dissection (Fig. 4). Twelve per cent were 
clinically positive and (88%) were clinically negative. 
Of the clinically negative patients, four (10%) contained 
pathologically positive nodes. There were a total of 
seven patients (15%) with positive regional lymph 


48 PATIENTS 


CLINICALLY NEGATIVE | CLINICALLY POSITIVE 


42 (884) 


PATHOLOGI CALLY sales PATHOLOGICALLY 
POSITIVE NEGATIVE 


4 (10%) 38 (90%) 
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nodes in the 48 patients with lesions between 0.77 and 
1.5 mm in thickness. 

Seventy-two patients with malignant melanoma of 
greater than 1.5 mm in thickness underwent regional 
lymph node dissection (Fig. 5). Fifty-six of these pa- 
tients (78%) had clinically negative nodes and 16 (22%) 
had clinically positive nodes. Eleven of the patients 
with clinically negative nodes proved to have patho- 
logically positive lymph nodes for an incidence of 20% 
occult positive lymph nodes in clinically négative pa- 
tients. The overall incidence of positive lymph nodes 
in patients with lesions greater than 1.5 mm in diameter 
was 3896. 


Colloidal Gold Scanning 


To date, 57 patients with truncal melanoma have 
undergone preoperative gold scanning (Fig. 6). Seven- 
teen of these proved to have nodal metastatic disease 
at the time of regional lymphadenectomy. No lymph 
node metastases were found at sites other than those 
taking up the colloidal gold. These studies have 
indicated that previous guide lines for predicting the 
direction of nodal metastases are not always accurate. 
Some lesions arising two centimeters or more from the 
central axis showed contralateral as well as ipsilateral 
lymph node drainage. There is also a zone of individual 
variation around the mid trunk that was also ob- 
served.? Because of the individual difference noted in 
the lymph node drainage of truncal melanomas, we 
have adopted a policy of performing !**Au scans in all 
patients who have truncal melanomas in which the 
direction of lymph node drainage is ambiguous. We are 
using this technique to determine the appropriate 
regional lymph nodes to be dissected. The availability 


Fic. 4. Incidence of re- 
gional lymph node metas- 
tases in patients with pri- 
mary lesions between 0.77 
and 1.5 mm thick. Total 
number of pathologically 
positive nodes = 7 (15% of 
the 48 patients). 


6 (12%) 


POSITIVE 
3 (50%) 
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FiG. 5. Incidence of re- 
gional lymph node metas- 
tases in patients with pri- 
- mary lesions greater than 
1.5 mm thick. Total number 
of pathologically positive 
nodes = 27 (38% of the 72 
patients). 


56 (784) 


POSITIVE 
11 (20%) 


of this technique should reduce the number of lymph 
node dissections necessary in truncal melanomas. 


Technique of Inguinal Lymph Node Dissections 


- Ourexperience with 112 inguinal lymph node dissec- 

tions has led us to formulate certain technical con- 
siderations that we feel are important in reducing the 
morbidity of this procedure. We have come to believe 
. that it is important that all patients who undergo 
inguinal node dissection be measured and fitted for 
Jobst stocking prior to admission. The stocking is then 
available when the patient is admitted to the hospital 
and can be applied in the immediate postoperative 
period. Postoperatively, the catheters are removed 
when the drainage in any 24 hour period is 20 cc or 
less. The patients undergoing inguinal node dissections 
were treated with a gram positive antibiotic beginning 
12 hours preoperatively and continuing until the 
catheters were removed. 

There are certain technical considerations regarding 
the operative procedure that we feel are important in 
diminishing postoperative complications. Figure 7 de- 
scribes the skin incision which is placed in the 
inguinal crease. The skin incision is curved towards 
the anterior superior iliac spine in such a way that 
if an extension of the skin incision is required, it can be 
extended anterior to the anterior superior iliac spine. 
The inferior skin flaps are raised only to the extent 
that is necessary to dissect the contents of the femoral 
triangle, the lateral border of which we define as the 
sartorius muscle and the medial border, the adductor 
magnus. This dissection includes the subcutaneous fat 
and lymphatic tissue down to the adventitia of the 
femoral vessels. The great saphenous vein is divided at 
the point at which it crosses into this area overlying 
the adductor magnus. The inferior extent of the dis- 
section terminates at the point where the sartorius 
muscle crosses the adductor. It is emphasized that it 
is only necessary to raise the skin flaps to an extent 
that allows one to perform a dissection confined 
to these limits. Extending the groin dissection more 
laterally or more medially or more inferiorly does not 
contribute any more to the lymphadenectomy but does 
- contribute to rendering the inferior flap ischemic. The 
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CLINICALLY NEGATIVE | CLINICALLY POSITIVE 


16 (22%) 


PATHOLOGICALLY ieee ICALLY 
NEGATIVE POSITIVE 


16 (1002 


upper flap is elevated to the level of the anterior 
superior iliac spine laterally and medially one half the 
distance from the pubic tubercle to the umbilicus. The fat 
between Camper’s fascia and the external oblique 
aponeurosis is refiected inferiorly to meet the specimen 
from the femoral triangle at Poupart’s ligament. At this 
point the specimen is amputated and the inguinal liga- 
ment is elevated and the highest inguinal node, 
Cloquet’s node, is carefully identified for the patholo- 
gist. The apex of the femoral triangle is also identified 
for the pathologist. The specimen is carefully dis- 
sected by the pathologist and any suspicious lymph 
nodes are examined by frozen section. If no positive 
lymph nodes are found by frozen section, the opera- 
tion is then completed without an iliac-obturator node 
dissection. However, if positive inguinal nodes are 
found on frozen section, an iliac-obturator node dissec- 
tion is performed. This retroperitoneal node dissection 
is performed without an additional skin incision (Fig. 
8). The superior flap that has been previously raised 
is raised further if necessary by the extension of the 
skin incision superiorly. The aponeurosis of the exter- 
nal oblique is incised and through a muscle splitting 
incision and division of the inferior epigastric vessels, 
the peritoneum is swept medially exposing the external 
and internal iliac vessels. The external iliac and obtura- 


Fic. 6. Illustration of Radio- 
active Gold Scan. Primary 
truncal melanoma lying just 
above and to the left of the 
umbilicus was injected with 
38Au. Scan reveals bilateral 
axillary lymphatic drainage. 
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Fic. 7. The standard location of the skin incision is indicated. The 
area of dissection and the extent of the flap elevation above and 
below the inguinal ligament is indicated. 


tor lymph nodes are then dissected as a separate 
specimen from the inguinal node dissection. The 
inguinal ligament is not divided. The iliac-obturator 
specimen is labeled and forwarded to the pathologist 
and the muscles of the abdominal wall are closed. In 
all instances regardless of whether an iliac-obturator 
node dissection is performed, the sartorius muscle is 
detached from it's origin from the anterior superior 
iliac spine and sutured to the inguinal ligament over 
the femoral vessels. After this has been accomplished, 
suction catheters are inserted superiorly above, not 
through, the, upper flap and carefully placed in the 
wound. The skin edges of the incision are then 
excised for a distance of one centimeter on either 
side of the entire length of the skin incision. The 
subcutaneous tissue is closed carefully with inter- 
rupted 4-0 white cotton and the skin is always 
closed with interrupted sutures. A bulky dressing is not 
applied but simply a light gauze. High pressure wall 
suction is not used but merely the hemovac container. 
Suction is maintained continuously until the catheters 
are removed postoperatively. 

Preoperatively, the patient is instructed regarding the 
possibility of edema and in the early postoperative 
period, thev wear the stocking that has been measured 
preoperatively. Upon discharge, the patients are in- 
structed to wear the stocking in order to prevent the 
formation of edema, and to elevate their leg for ten 
to fifteen minutes at least six times a day and to sleep 
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with the leg elevated. Many patients find that within 
several months of the surgical procedure that it is not 
necessary to wear the Jobst stocking and that elevation 
of the extremity once or twice a day suffices to con- . 
trol any edema. 


Morbidity of Regional Node Dissections 


Of the 294 lymph node dissections performed in 250 
patients, 112 were inguinal lymph node dissections, 126 
axillary and 56 were neck dissections. There was no 
mortality with any of these regional node dissections. . 
The complication rate in axillary dissection and neck 
dissection was quite low. With the axillary dissections 
there was one instance of hematoma, five instances of 
seromas, three instances of cellulitis and none devel- 
oped permanent arm edema. There was one partial 
seventh nerve palsy and two instances of partial wound 
slough and one instance of infection in the 56 neck 
dissections. The two sloughs occurred in patients who ~ 
had primaries widely excised within the cervical area 
and the creation of rotation neck flaps to close the 
defect. 

It is clear from these studies and from other reports 
that the morbidity and mortality from axillary and 
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Fic. 8. The inguinal node specimen is about to be detached. Al- 
though not visible in this illustration, the dissection is carried down 
to the apex of the femoral triangle. The placement of the muscle 
splitting incision in the external oblique is indicated. This incision can 

be extended superiorly or inferiorly as needed. : 
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TABLE 3. Operative Complications of Groin Dissections* 


(108 Patients) 
Minor Majort 
` Seroma 7 H 
Hematoma 0 2 
Cellulitis 4 0 
Abscess 0 2 
Phlebitis I 3 
Slough 4 (Partial Thickness) 2 (Full Thickness) 
Myocardial 
Infarction 0 2 
Pulmonary 
Embolus 0 1 
Total 16 (15%) 13 (12%) 


* No operative mortality. 
+ Required hospitalization >9 days or required readmission. 


cervical lymph node dissection is not a major deterrent 
to elective regional lymphadenectomy. However, the 
morbidity and mortality associated with inguinal lymph 
node dissection is significant and remains the major de- 
terrent to elective node dissection. We have certainly 
had our share of complications with inguinal node dis- 
sections. However, we do feel that our 12% incidence 
of major, non fatal complications represents a consider- 
able reduction in major complications, both in our 
previous experience and that reported in the litera- 
ture.*15 Table 3 describes the minor and major 
complications that occurred in the 108 patients who 
underwent inguinal lymph node dissection. A major 
complication is defined as a complication which re- 
quired hospitalization for greater than nine days or re- 
quired readmission to the hospital. A minor complica- 
tion is a complication which did not require initial 
hospitalization for longer than nine days or did not 
require readmission (Table 3). 

There were seven minor seromas. These seromas 
were treated by repeated aspiration on an outpatient 
basis and were controlled in every instance within four 
weeks. There was one seroma which required readmis- 
sion to the hospital for evacuation and reinsertion of 
suction catheters. There were two hematomas that oc- 
curred in the postoperative period which were con- 
sidered major complications. These patients were re- 
turned to the operating room, the hematoma was 
evacuated and hemostasis was achieved. There 
were four instances of minor episodes of cellulitis 
which responded promptly to antibiotics. Two ab- 
scesses occurred, both of which required hospitaliza- 
tion for greater than nine days and both of which oc- 
curred in patients who had iliac node dissections. 
There was one minor episode of phlebitis and three 
episodes of phlebitis which required hospitalization for 
greater than nine days that were considered major com- 
~ plications. Four patients had a partial thickness of skin 
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TABLE 4. Hospital Stay 





Range Average 
Inguinal 5-22 8.3 
Axillary 3-17 6.9 
Neck 4-15 6.4 
Multiple 3-23 8.1 


slough. These represented small superficial areas of 
partial skin necrosis which were easily cared for on an 
outpatient basis and did not require a prolonged 
hospitalization. In two instances, there was a major 
full thickness skin slough which required prolonged 
hospitalization and one of which required split thick- 
ness skin grafting for closure. Two patients had myo- 
cardial infarctions and there was one instance of a 
pulmonary embolism. Ten of the 13 major complica- 
tions occurred in patients undergoing iliac-obturator 
node dissection. The duration of hospital stay for each 
of the regional lymph node dissections is indicated in 
Table 4. The average hospitalization for inguinal node 
dissections was 8.3 days with a range of five to 22 days. 
The average hospitalization for an axillary node dis- 
section was 6.9 days with a range of three to 17 days 
and the range and the average duration hospitalization 
for a neck dissection was 6.4 days with a range from 
four to 15 days. 

We were able to critically evaluate 84 of the 108 
patients who underwent inguinal lymph node dissection 
for disability related to postoperative lymphedema. All 
84 patients had thigh and calf measurements performed 
in both extremities. In addition, a questionnaire was 
filled out carefully questioning the patients regarding 
any limitation of activity. We considered significant 
edema to be present when the circumference of the 
operated extremity exceeded the circumference of the 
opposite extremity by two centimeters or more. There 
were 20 patients of the 84 evaluated in whom the cir- 
cumference of the operated extremity was two centi- 
meters or greater than the contralateral extremity 
(Table 5). However, in 11 of these 20 patients, the 
increase in circumference occurred only in the thigh. 
In nine of these 20 patients, there was an increase in 
the circumference of the calf of two centimeters or 


TABLE 5. Edema Following Groin Node Dissection 
(84 Patients Evaluated) 


Circumference 


>2.0 cm 20 (Thigh only— 1t 
thigh and calf —9) 


Activity Limitation 


Vigorous Only 10 
Affected Ability to Work . 5 


Life Style Seriously Altered 3 
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greater. Eighteen of the 84 patients had some degree 
of activity limitation. Ten of the 18 patients had only 
limitation of vigorous activity such as vigorous sports. 
Five of the 18 had some disability in their ability to 
perform their work. Only three patients felt that their 
life style was seriously altered by virtue of the opera- 
tion. There was not a consistent correlation of severe 
activity limitation and lymphedema of the extremity. 

While it is clear that a certain degree of morbidity 
can be expected in patients undergoing inguinal node 
dissection, the morbidity can be reduced if these techni- 
cal considerations are carefully followed. The more 
severe limitation in activity and complications occur 
following iliac-obturator node dissections. Since it is 
well recognized that iliac-obturator node metastases in 
the absence of superficial inguinal node metastases is 
most unusuzl, if the superficial inguinal nodes are 
carefully examined for metastatic disease and none is 
found, then the patient can be spared the considerable 
additional morbidity associated with the iliac-obturator 
node dissection. 


Discussion 


The introduction of clinical microstaging has pro- 
vided a technique with which the clinician can more 
accurately predict prognosis as well as the presence or 
absence of regional lymph node metastases. Several 
recent studies indicate that with Clark Level IV and V 
lesions, there is a high incidence of regional lymph 
node metastases. The relationship between regional 
lymph node metastases and Clark's level of invasion 
observed in this study is consistent with these previous 
reports, **4$ Level ITI melanomas greater than 0.76 mm 
in thickness and Level IV and Level V melanomas 
have a significant incidence of regional lymph node 
metastases 29-58%) and these patients have a high 
risk of recurrence. Three independent studies have 
indicated that lymph node dissection in these high risk 
primaries result in a statistically significant improve- 
ment in survival.^!9)$ No advantage of elective 
lymph node dissection has been demonstrated for the 
low risk primaries. This new information along with 
the suggested improved survival in patients with occult 
node metastases compared to those with clinically 
positive nodes provides support for the concept that 
elective lymph node dissection may be therapeutic in 
patients with high risk primaries.*?? In addition to the 
potential therapeutic benefits of node dissections, 
valuable prognostic and staging information is obtained 
from elective node dissection. However, the significant 
morbidity associated with these dissections reported in 
the literature remains a deterrent, especially with groin 
dissections. In addition, the ambiguity of the lymphatic 
drainage of certain truncal melanomas also discourages 
elective dissections. Certainly in the modern era, the 
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limited morbidity of axillary and neck dissections 
should no longer be considered prohibitive. However, 
the reported incidence of wound complications ranging 


between 30 and 40% and significant leg edema in up | 


to 70% of patients undergoing radical groin dissection 
constitutes an unacceptable morbidity.??!? We believe 
that the number of patients subjected to this morbidity 
can be considerably reduced by preoperative clinical 
microstaging sparing those patients with low risk 
primaries the morbidity of regional lymph node dissec- 
tion. In those patients with high risk primaries who 
require groin dissections, only those in whom the 
inguinal nodes contain metastases should be subjected 
to the morbidity of iliac-obturator node dissections. A 
significant proportion of the major complications fol- 
lowing groin dissections occur when the iliac-obturator 
node dissection is added to the inguinal dissection. 
Ten of the 13 major complications that occurred in this 
series occurred in patients undergoing iliac-obturator 
node dissections. Since iliac-obturator metastases 
rarely occur when the inguinal nodes are histologically 
negative, it is unlikely that occult iliac-obturator 
metastases will be missed if the inguinal nodes are 
found to be negative on histological examination. It is 
for these reasons that we advocate careful frozen sec- 
tion examination of the inguinal nodes prior to pro- 
ceeding with the iliac-obturator dissection. 

Since survival in the presence of iliac-obturator 
node metastases is generally less than eight per cent, 
it is likely that in most instances the iliac-obturator 
dissection is more a staging procedure than a therapeu- 
tic one. Therefore while the procedure provides im- 
portant prognostic information and stages patients for 
surgical adjuvant therapy studies, it is imperative that 
this procedure only be performed when there is a high 
likelihood of pelvic nodal involvement. 


We believe that the adherence to the techniques of a 


groin dissection described herein will lead to a reduc- 
tion in wound complications and late edema. If the 
principles described above are adhered to, the mor- 
bidity of elective groin dissection can be consider- 
ably reduced in comparison to previous reports. 
Radionucleotide scanning techniques for identifying 
drainage patterns for truncal melanomas can reduce 
the incidence of multiple lymph node dissections and 
we feel that the procedure has great promise. 

At the present time, we recommend the following 
approach to patients with malignant melanoma. All pa- 
tients with Clark Level III lesions which are greater 
than 0.76 mm in thickness, all Level IV, Level V and 
any lesion greater than one and one half millimeters 
in thickness should undergo wide excision of the primary 
and regional node dissection. When groin dissections 


are necessary, the.iliac-obturator dissection should ., 


only be performed when metastases can be demon- 
strated in the inguinal nodes. Radioactive gold scanning 
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is a promising technique and we use it routinely in all 
truncal melanomas to assist in the selection of the ap- 
propriate area for lymphadenectomy. 


References 


1. Breslow, A.: Thickness, Cross Sectional Areas and Depth of 

Invasion in the Prognosis of Cutaneous Melanoma. Ann. 
. Surg., 172:902, 1970. 

2. Breslow, A.: Tumor Thickness, Level of Invasion and Node 
Dissection in Stage I Cutaneous Melanoma. Ann. Surg., 182: 
572, 1975. i 

3. Clark, W. H., From, L., Bernardino, E. A. and Mihm, M. C.: 
The Histogenesis and Biologic Behavior of Primary Human 
Malignant Melanomas of the Skin. Cancer Res., 29:705, 1969. 

4. Elias, G. E., Didolkar, M. S., Goll, I. P., et al.: A Clini- 
copathological Study of Prognostic Factors in Cutaneous 
Malignant Melanoma. Surg. Gynecol. Obstet., 144:32, 1977. 

5. Fee, H. J., Robinson, D. S., Sample, W. F., et al.: The 
Determination of Lymph Shed by Colloidal Gold Scanning in 
Patients with Malignant Melanoma: A Preliminary Study. 
Surgery, (in Press). 

6. Fortner, J. G., Booker, R. J and Pack, G. T.: Results of 
Groin Dissection for Malignant Melanoma in 220 Patients. 
Surgery 55:485, 1964. 

7. Goldman, L. I., Clark, W. H., Bernardino, E. A. and Ainsworth, 


DISCUSSION 


Dr. JoHN W. RAKER (Boston, Massachusetts): This provocative 
paper has suggested some leads which may help to solve the vexing 
problem of the proper use of regional lymph node dissection in 
the therapy of malignant melanoma. Many of us agree that a 
reasonably aggressive approach is indicated. 

There is one point in these data which intrigues me, and I shall 
confine my discussion to it. If I understood these numbers 
correctly, elective regional node dissections performed in patients 
with levels IV and V melanomas yielded metastatic nodes in 
something just under 6075 of patients. This seems an astonishingly 
high figure to us. At the Massachusetts General Hospital, our 
corresponding figure is 18%. That is, 18% of elective node 
dissections performed in our patients with levels IV and V, superficial 
spreading and nodular melanomas, yielded positive nodes. Even if 
we add in all the therapeutic dissections, those done when nodes 
are clinically certainly positive, we still don't reach 60%. 

Of these patients in our series with levels 4 and 5 melanomas, 
all node dissections, both therapeutic and elective, yielded positive 
nodes in 69 of 130 instances, or 5496. Since our over-all mortality 
figures seem to be comparable, it is difficult to explain this apparent 
discrepancy in clinical material. It is hard to believe that there 
could be such a striking difference in apparent mechanisms of 
metastasis in patients with melanoma seen on the West Coast, 
as opposed to the East. Perhaps the authors' Pathology Depart- 
ment searched more vigorously for metastases than ours does, or 
perhaps special techniques were used. 

Finally, there may be differences in the criteria used for the 
definition of elective dissections, as opposed to therapeutic 
dissections. I hope Dr. Holmes can comment on this point. 


Dr. HIRAM C. Porx, Jr. (Louisville, Kentucky): This eloquently 
presented and carefully done study is a very significant extension of 
some work we presented to this Association in this same room 
six years ago. Indeed, Dr. Holmes and his associates have done 
a very careful job of speaking to both of the hypotheses we posed 
at that time: the definition of a high-risk group of people who 
might be benefited by the operation, which they have done very 
nicely, and the problem of reducing morbidity of a given opera- 


~tion, say, groin dissection, in order to make it more widely appli- 


cable. I think he’s accomplished both of these ends in a very careful 
and, I think, clearly presented, way. 
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There is one question that he has acknowledged, but I would 
amplify for you. He is now able to identify a group that is at high 
risk of having occult nodal metastases. Will the nodal dissection 
per se change the course of the illness in those patients? Of 
course, a five- or ten-year follow-up will be necessary before we 
can answer that. 

There’s no question that by doing the operation only in those 
high risk patients who need it, and doing it with the kind of re- 
quisite care that has been demonstrated here, that this is a forward 
advance. Whether it will pay off in the five- or ten-year survival 
of these patients, of course, remains to be determined. 


Dr. ALFRED $. KETCHAM (University of Miami, Florida): My 
prime reason for accepting an invitation to discuss this innovative 
paper from UCLA is related to the indication that they have de- 
veloped a technique which may direct the surgeon toward a specific 
lymph node draining basin and this is so critical if one believes in 
the value of prophylactic node dissection. But I also take this 
opportunity to speak of another important aspect of melanoma 
understanding, for if it was possible Oliver Beahrs to be here today, 
I am sure he would remind you that the work of the American 
Joint Committee for Cancer Staging and Classification is finally 
coming to a completion, at least arriving at the point where we are 
now going to publish in one manual that staging information which 
has been accumulating during the past ten years of committee labor. 

You will recall that the American Joint Committee is that group 
of individuals who have been appointed from their different colleges 
and are representative of the American College of Surgeons, Pathol- 
ogists, the Radiologists, Medicine, along with representatives from 
the American Cancer Society and the National Cancer Institute. 

Within the immediate future the American Joint Committee's 
Staging and Classification manual will be available along with 
"checklists" which will enable all of us, residents, practitioners 
or professors to list those criteria which appear to be most critical 
in establishing a clinical, a surgical, a pathological or a post 
mortum staging of disease. 

Unfortunately we will always have published differences in 
remission rates, local recurrence incidences and metastatic poten- 
tials and survival rates between seemingly like diseases in patients 
who have undergone seemingly like therapy. But one aspect con- 
tributing to these differences can be essentially eliminated. To 
eliminate differences due to surgical technique or different degrees 
of surgical aggressiveness is quite impossible. And to avoid innate 
host variances of response to their tumor and their treatment is 
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similarly not practical. There should, however, be absolutely no 
need for ‘‘like diseases" to be differently staged even if the author 
or lecturer gives an accurate description of his own staging prefer- 
ence. It is time now for us surgeons to set aside our prejudices 
about staging and classification and give a cooperative look and trial 
at what your representatives and those of all specialties associated 
with cancer treatment including the International Union against 
Cancer have decided is the most accurate, reliable, interpretable 
and still yet potentially changeable technique of staging cancer. 
It is under such identical staging circumstances that one can read 
the results for Stage I disease treated by operation ‘‘x’’ or adjuvant 
modality treatments and can then reliably know the location, the 
size, the depth of penetration, the extent of dissemination that is 
being referred to. No place is this more of a problem than in 
melanoma, where one may find at least ten different varying 
staging systems in the literature over the past several years, 
each with its own proponents who strongly feel that they have the 
best staging technique or that they can’t change their staging 
technique now and lose the value of all those past cases which 
would have been staged differently. The new staging criteria 
are fluid in nature in that by necessity, mistakes or omissions may 
have been made, but they can be easily altered again at a national 
level. I assure you that the intense work that went into the 
developing of uniform staging systems indicates that we all should 
cooperatively give the uniform staging techniques an adequate 
clinical trial. Melanoma will be staged by integrating both the 
level of invasion (Clark’s classification) which encompasses the 
papillary dermis (Level II), the papillary reticular interphrase 
(Level IID, the reticular dermis (Level IV) and the subcutaneous 
tissue (Level V). Level I is not a cancer and need not be staged. 
The thickness of invasion as measured in millimeters by the occular 
micrometer and as recommended by Breslow will be equally 
utilized and incidentally appears as if it might be the more 
accurate and reliably interpretable of the two techniques. Until 
this question is answered, it seems appropriate that you request your 
pathologist to give you both the level as it relates to the layer of 
skin which is involved by tumor penetration and the millimeters 
of depth to which the tumor has grown as determined by the 
ocular micrometer. Both techniques may help clarify the confusion 
often encountered in interpreting the potential aggressiveness of the 
Level III lesion which has three millimeters of invasion or the 
occasional tumor which invades to only one half millimeters but is 
classified by skin level invasion at Level IV. The greater of these 
two measurements appears to hold the most accurate prognostic 
implication at least according to our present state of ignorance about 
staging this disease. I believe the technique described by Dr. Holmes 
to determine the direction in which the tumor may metastasize is 
excitingly interesting but it seems unlikely that it will prove to be 
universally acceptable and reliable. Their preliminary work indi- 
cates reliability as one of the major points of interest and I cannot 
be particularly critical of this technique in that they are not injecting 
the tumor itself, but are apparently injecting multiple sites about the 
tumor. I believe most of us would be reluctant to actually inject 
the tumor itself or even the biopsy scar with potential tumor in it, 
with a non-therapeutic modality such as they have described. I am 
equally interested in the work that has been reported from England 
which suggests an equal degree of reliability in identifying actual 
lymphatic channels about the tumor site and carrying out localized 
lymphangiograms on two of the adjacent lymph node bearing 
areas through such cannulated channels. While this, at first, seems 
like a formidable task, it apparently is much more simply done than 
one would imagine, since most surgeons try to visualize the rela- 
tive size of the lymphatic channels that are ordinarily about any 
skin tumor site. 

I have no strong feelings concerning prophylactic lymph node 
dissection but our personal experience as well as the literature 
is becoming more and more confusing with the suggestions that 
prophylactic lymph node dissection primarily offers the patient an 
opportunity of determining prognosis. When the primary lesion is 
directly overlying or immediately draining a lymph node bearing area 
then most surgeons feel comfortable in carrying a prophylactic 
node dissection. It appears that more and more surgeons are 
delaying such procedures when the resection of the primary and 
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the lymph node bearing area cannot be carried out in comfortable 
continuity. I hope that the test of time will prove this con- 
servative trend to not have interfered with survival figures as 
may bé interpreted when one carefully reads the excellent 
work coming out of the University of Illinois. One final com- 
ment concerning lower extremity node dissections and that is related ~ 
to the disabling edema that so many of these patients subsequently 
develop particularly if they gain weight in their long term follow-up 
status. When groin dissection is indicated we are recommending only 
superficial groin dissections unless the groin is clinically or patho- 
logically positive for melanoma dissemination. Under such circum- 
stances of positive superficial lymph nodes in the groin we have 
found a significant decrease in the delayed development of leg 
edema if the deep groin dissection is performed through a sepa- 
rate transabdominal incision, this can be done at the same time as 
the superficial groin, but is done with separate instruments and 
glove changing technique. The dissection ends up to be incon- 
tinuity but the inguinal ligament has not been transected and for 
some yet unexplainable reason and while the local recurrence rate 


' remains negligible for some yet unidentified reason the post- 


operative infection, skin slough and leg edema complication rate is 
markedly decreased. If by chance the superficial groin is clinically 
positive, then we recommend doing the deep nodes as a first endeavor 
and of course at that time ruling out intra-abdominal dissemination 
of an unresectable, uncurable nature. 


Dr. E. C. HoLMrs (Closing discussion): In answer to Dr. 
Raker's query, there is no question that the incidence of melanoma 
and the kind of melanoma and the prognosis of that melanoma 
varies throughout the world. In Australia there is a higher incidence 
of the more favorable kinds of melanoma. There may well be differ- 
ences between Los Angeles and Boston. However, perhaps there 
are other factors that would help to explain the discrepancy of 
his results and ours. In the level III patients that we described, 
all of these patients had thicknesses greater than 0.76 mm. So if 
you look at all level II's, you will find a lower incidence of 
node metastases than we found, because we were only looking at 
those with 0.76 and greater thickness. 

Secondly, we did say that the over-all incidence of lymph 
node metastases in level IV and V is 50 to 5596. This is the 
over-all incidence. However, in terms of clinically negative and 
pathologically positive regional nodes, our incidence is around 
27-35%. 

I think Dr. Polk’s comments are very pertinent. Given micro- 
scopic regional lymph node metastases, does a regional lymphade- 
nectomy improve survival? That question has not been answered, 
and it's really difficult to answer. Most of us, as surgeons, would 


feel that, indeed, if you have regional lymph node metastases, " 


the patient is better off with them out than they are with them in. 
Intuitively, I believe this, but I can't prove it by any study in 
the literature. 

Secondly there are other benefits, other than therapeutic, 
from lymphadenectomy. It’s clear that with Stage II disease, 
surgery alone is insufficient, because 80 to 85% of these patients 
recur. It is important for us to know the status of the regional 
lymph nodes, if we are going to design well-stratified, prospective, 
randomized adjuvant therapy trials. This also enables us to avoid 
the considerable morbidity, inconvenience and expense of experi- 
mental surgical adjuvant therapy in patients with negative nodes who 
do not require adjuvant therapy. y 

Finally, I'm most appreciative of Dr. Ketcham’s comments, be- 
cause he has been a mentor and a teacher to most of us who have 
been working in this area. He has been a pioneer in the treat- 
ment of this disease, and has been very active in the develop- 
ment of the clinical staging system for malignant melanoma. I would 
like to agree, we should try to classify our patients by the TMN 
classification, so that we can all compare results of therapy. 

Again I am forced to agree with Dr. Ketcham that the Breslow 
technique using the ocular micrometer is perhaps easier to apply by 
a number of pathologists across the country than is the more com- 
plicated Clark’s classification. Clark’s classification is very good, 
but all pathologists are not able to do it. 
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Avitene 


Microflorilar Colagen Hemostat (MC 


A major advance 1n the 
control of surgical bleeding 





1. Generalized bleeding from denuded bladder 3. Moderate pressure is applied with a dry sterile 
muscularis during hysterectomy. gauze sponge until hemostasis can be confirmed (1-3 
minutes). Additional Avitene is used as necessary. 


2. Avitene (Microfibrillar Collagen Hemostat) is — 4. Adequate hemostasis is achieved without the use 
applied, using dry sterile forceps, until the entire of suture-ligatures. The peritoneum is ready to be 
oozing surface is covered. 3 closed. 


Please see last page for brief summary. 





Avitene 


Microtorilar Colagen Hemostat (MCH) 


Physically, chemically, clinically, different from 
any topical hemostat you have used before... 


Avitene (MCH) is an absorbable, topical hemostatic 
agent prepared from purified bovine corium colla- 
gen. When placed in contact with a bleeding surface, 
Avitene acts like native collagen: it attracts platelets 
which undergo the release phenomenon, initiating 
the formation of a platelet plug and a natural (phy- 
siologic) clot. 

Avitene, an adjunct to conventional hemostatic 
procedures, has been found to be of greatest value 
when control of bleeding by ligature or conventional 
procedures is ineffective or impractical. Avitene is 
especially effective in: 

e generalized bleeding from raw, soft, or friable tis- 
sues 

* bleeding from highly vascularized organs 

* bleeding from cancellous bone 

e bleeding around vascular anastomoses, where only 
minimal suturing may be possible because of lack of 
integrity of the tissue or the risk of compromising the 
lumen 

Data collected since 1972 show that Avitene 
elicits negligible immunologic responses and foreign 
body reactions and produces no adverse effects on 
healing of vascular anastomoses or bone* Avitene is 
effective in most patients receiving heparin or aspirin, 
and has been shown to be effective in patients who are 
moderately thrombocytopenic. Avitene will not 
work, however, in the presence of clinical throm- 
basthenia or systemic coagulation disorders, and it is 
contraindicated in the closure of skin incisions, as it 
may interfere with the healing of the skin edges. 


1. Posterior iliac bone bleeding following removal of bone graft. 


2. Pressure being applied to Avitene with dry sterile gauze sponge 
on bleeding bone surface. Hemostasis is achieved after 2 to 5 
minutes. 


3. Avitene spread on a dry sponge to achieve control of bleeding 
during decortication of spine. 


4. Avitene being packed into wound at escharotomy site. 


5. Pressure being applied to Avitene with dry sterile gauze sponge 
over site of splenic bleeding. 
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Keep Avitene dry. Care must be taken to ensure that Avitene is 
kept scrupulously dry, and handled and applied only with dry 
smooth forceps. It will adhere to any wet surface, and premature 
exposure to moisture will impair its hemostatic efficacy. 


Apply Avitene directly to the source of the bleeding 

It is important that Avitene be applied directly to the source of 
bleeding. Otherwise, because of its adhesiveness, Avitene may seal 
over the exit site of deeper hemorrhage and conceal an underlying 
hematoma. Surfaces to be treated should first be compressed with 
dry sponges, and then covered with Avitene. The amount required 
will depend on the force and severity of the bleeding. 


Apply pressure with a dry sponge 

It is then necessary to apply pressure over the Avitene with a dry 
sponge. The period of time necessary will again vary with the 
severity of the bleeding, and may range from a minute for capillary 
bleeding, to three to five minutes for brisk bleeding or arterial 
leaks. Five to ten minutes may be required for control of oozing 
from cancellous bone. 


Remove excess Avitene 

After hemostasis has been achieved, excess Avitene should be 
gently teased away. This can usually be accomplished without 
initiating rebleeding. However, if rebleeding does occur, or if 
breakthrough bleeding should occur in areas of thin application, 
additional Avitene may be applied as necessary. 


Avitene* (Microfibrillar Collagen Hemostat) 


Description: Avitene is an absorbable topical hemostatic agen 
prepared as a dry, sterile, fibrous, water insoluble partial hydro 
chloric acid salt of purified bovine corium collagen. 


Indications: Avitene is used in surgical procedures as an adjunct t« 
hemostasis when control of bleeding by ligature or conventiona 
procedures is ineffective or impractical. 


Contraindications: Avitene should not be used in the closure o 
skin incisions as it may interfere with the healing of the skii 
edges. 


Warnings: Avitene is inactivated by autoclaving. Ethylene oxid 
reacts with bound hydrochloric acid to form ethylene chlorohy 
drin. This product should not be resterilized. It is not for injec 
tion. 


Precautions: Only that amount of Avitene necessary to product 
hemostasis should be used. After several minutes, excess materia 
should be removed; this is usually possible without the re-initiation 
of active bleeding. Avitene contains a low, but detectable, level o 
intercalated bovine serum protein which reacts immunologicall' 
as does beef serum albumin. Increases in anti-BSA titer have beer 
observed following treatment with Avitene. About two-thirds o 
individuals exhibit antibody titers because of ingestion of foo 
products of bovine origin. Intradermal skin tests have occasionall: 
shown a weak positive reaction to BSA or Avitene but these hav: 
not been correlated with IgG titers to BSA. Tests have failed t« 
demonstrate clinically significant elicitation of antibodies of th: 
IgE class against BSA following Avitene therapy. Care should bi 
exercised to avoid spillage on nonbleeding surfaces, particularly i 
abdominal or thoracic viscera. Teratology studies in rats and rat 
bits have revealed no harm to the animal fetus. There are n 
well-controlled studies in pregnant women; therefore, Aviten 
should be used in pregnant women only when clearly needed. 


Adverse reactions: The most serious adverse reactions reporte 
which may be related to the use of this drug are potentiation o 
infection including abscess formation, hematoma, wound dehis 
cence, mediastinitis. Other reported adverse reactions possibl 
drug related are adhesion formation, allergic reaction, foreigi 
body reaction, subgaleal seroma (report of a single case). 


How supplied: In 1 g and 5 g sterile jars of sterile microfibrilla 
collagen hemostat all contained in sealed can. Sterility of the ja 
exterior cannot be guaranteed if can seal is broken. Content of ja 
is sterile until opened. 


Caution: Federal law prohibits dispensing without prescription. 


e 
AVICON Avitene is distributed by 
Alcon Laboratories, Inc. 


Incorporated 


lermanent Transvenous Balloon Occlusion of the Inferior 


JAMES A. HUNTER, M.D.,* WILLIAM S. DYE, 


raditional operations to obstruct the IVC are often unsatisfac- 
ry because the morbidity and mortality is appreciable; poor 
sk patients do not tolerate surgical and anesthetic trauma. 
urthermore, if the patient is anticoagulated, an operation 
‘quires that such desirable treatment be stopped. Ten years 
30 a study was begun to develop a transvenous method of IVC 
‘clusion in the awake anticoagulated patient. Animal studies 
ere done prior to patient application. A technique was evolved 
herein IVC interruption could be accomplished with a balloon 
"aring catheter inserted through the jugular vein. The balloon 
as positioned with venography and after inflation held in place 
/ lateral pressure in the distensible IVC. The catheter was 
ien removed, leaving the balloon in position. Balloon occlusion 
as been used in the management of 60 selected patients since 
170. Twenty-nine patients were simultaneously anticoagu- 
ted without complication. Very sick patients tolerated the 
rocedure well. No patient experienced further pulmonary 
nboli. Nine hospital deaths occurred from a variety of causes, 
me related to the balloon catheter. Late follow-up shows that 
ie occluding balloon gradually deflates in about 12 months. 
he remnant has remained stable in all patients, contained in a 


ar that permanently interrupts the IVC. 

HE MAJORITY OF PATIENTS with venous thrombo- 
[ embolism are successfully treated with anticoagu- 
int therapy. There are, however, circumstances when 
nticoagulants are contraindicated, are incompletely 
ffective, or must be discontinued.!^!53?3 When 
nticoagulants cannot be given, or if pulmonary 
mbolism occurs despite their use, inferior vena cava 
. V.C.) interruption is indicated. 

Traditional operations to ligate or plicate the I. V.C. 
re associated with significant morbidity and mortal- 
y.:?!3? Also, they have the great disadvantage of re- 
uiring that anticoagulant therapy be interrupted. 
.brupt interruption of heparin therapy combined with 
icreased lower extremity venous stasis resulting from 
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I.V.C. interruption, may serve to extend and worsen 
the phlebitis. The literature records the debate about 
whether I.V.C. ligation or plication produces the great- 
est number of leg sequelae, while we have suspected 
that the major factor was not technical to the I.V.C., 
but rather the fundamental issue of choosing between 
heparin and surgery. Furthermore, we have considered 
the possibility that emboli already in the lungs might 
resolve more predictably and quickly if secondary 
thrombosis was minimized by uninterrupted anticoagu- 
lant therapy. Thus, when anticoagulants are not con- 
traindicated, we have felt that their discontinuation 
was a "price to pay” if one elected I. V.C. surgery. 

With the above concerns in mind, we determined 
to develop a method of I.V.C. interruption that could 
be done without surgical or anesthetic trauma in the 
awake, anticoagulated patient. In planning the tech- 
nique, we judged that it is not possible to insert a trans- 
venous filter that will remain predictably patent. We 
decided that: 1) the occluder should be modelled to 
completely obstruct the I. V.C., with design to mini- 
mize clotting upon the upper side; 2) the instrument 
should be placed trans-jugular; 3) there should be built-in 
provision for venography to ensure precise placement; 
4) there should be no sharp, piercing, or perforating 
edges to minimize the chance of damage to retroperi- 
toneal structures or of extracaval migration; 5) the 
occluder must adapt in size to the many variations in 
I.V.C. diameter; and 6) the technique must permit safe 
simultaneous heparinization. 


Instrument Design and Use 


The concept of transvenous balloon occlusion of the 
I. V.C. was formulated more than ten years ago. Prior to 
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Fic. 1. Photograph of the 
catheter assembly with the 
balloon attached. 





patient application, thorough animal studies were done 
and reported. Laboratory studies confirmed the 
method to be sound, and using a prototype instrument 
the first human application was successfully done in 
1970.15 

The instrument consists of a 75 cm long catheter 
that delivers a balloon attached to its tip (Figs. 1—3). 
An inflation needle runs lengthwise inside the cathe- 
ter, and can be attached to an inflating syringe at the 
opposite end from the balloon. The outer catheter, in 
addition to delivering the balloon, provides a conduit 
for the injection of contrast material and the perform- 
ance of venography. The outer catheter/conduit can 
also be used for intravenous infusion, with access 
through stopcocks placed on the side of the handle, 
and exit of the infusion or contrast material from holes 
located in the catheter tip just proximal to the balloon 
attachment. 

The details of design and construction of the instru- 
ment have undergone many changes, as directed by 
experience in its use. The method of balloon attach- 
ment has been changed from one where it was held to 
the delivery catheter because of friction attachment 
to the inflation needle, to a more reliable frictionless 
design using a collet. To maintain balloon inflation, a 
dependable spring-loaded, double valve system has 
evolved. The instruments are disposable and are radia- 
tion sterilized.* 

Placement of the I. V.C. balloon is done in the radiol- 
ogy department, because of the availability of high- 





* Barlow Manufacturing Corporation, Hinsdale, Illinois. 
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quality fluoroscopy with television display. When not 
contraindicated, infusion heparin therapy is continued 
in uninterrupted fashion during the balloon insertion. 

Using local anesthesia, the jugular vein is isolated 
andis opened with care to prevent air embolism, as well 
as blood loss. The 17 French (6.3 mm) catheter is then 
passed downward through the I.V.C. into the right iliac 
vein (Fig. 4). Venography is then done through the 
instrument and permits precise positioning of the bal- 
loon above the iliac vein confluens and below the renal 
veins. The balloon is then inflated with dilute Hypaque® 
solution, while its enlarging radiopaque outline is ob- 
served on the fluoroscope. The balloon has a rounded 
or "golf ball" configuration until the venous wall is 
encountered, after which it elongates as it is molded 
by the cylindrical I.V.C. The distensible vein permits 
the balloon to develop a diameter greater than the 
I.V.C. proximal to the occluder. Adequate inflation 
is proved by 1) noting well-developed elongation of 
the balloon; 2) tugging firmly on the inserting catheter 
and observing on the fluoroscope that the balloon does 
not move; and 3) a venogram being done, showing the 
balloon to be properly located (infra-renal), and that its 





FIG. 2. (top) Photograph of catheter tip with balloon attached and 
(bottom) separated. 
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EXTRACTION 


Fic. 3. Diagram of the oc- 
clusion device. ‘‘Veno- 
gram" and "'heaprin" side 
ports permit intravenous 
infusion and venography. 
The ‘‘extraction wheel" 
releases the balloon by with- 


WHEEL 





drawing the balloon infla- VENOGRAM 
tion needle. of f 
position 
TO BALLOON 


measured diameter is greater than the I.V.C. above. 
Should there be reason, the balloon can be deflated 
and even changed in location prior to reinflation. 

After the balloon has been precisely positioned, and 
the ‘‘tug test" plus a venogram has confirmed the 
adequacy of inflation, the catheter is separated and 
removed. This is done by turning the ‘‘extraction 
wheel” (Fig. 3) which backs the inflation needle (the 
needle does not turn or unscrew) out of the balloon and 
detaches it. The double valve mechanism retains bal- 
loon contents and inflation. After the catheter exists, 
the jugular vein is secured and the neck closed. 


Patient Experience 


Beginning with the first patient to have balloon occlu- 
sion on July 2, 1970, experience with 60 consecutive 
patients is reported. Initially, the method was used 
only in patients who had indication for I. V.C. interrup- 
tion and could not be expected to tolerate general anes- 
thesia and conventional flank surgery.!? As confidence 
was gained through experience, a few symptomatic 
patients who were not critically ill were admitted to 
the study. 

The 60 patients averaged 54 years of age, with a range 
of 17 to 82 years. A correlation between weight and 
thromboembolism was seen, with 16 patients weighing 
over 200 pounds, and the heaviest being over 400 
pounds. The medical service referred 25 patients, and 
the remainder were provided by nine different hospital 
services. Twenty-three of the patients were admitted 
to the hospital with a diagnosis of venous thrombo- 
embolism, and the other 37 patients developed the 
problem after being admitted for another reason. Fac- 
tors apparently contributing to the development of 
phlebitis were neoplastic disease in 19 patients; cardio- 
pulmonary disease in 19; postoperative status in 24; 
anovulatory drugs in six, extreme obesity in three, and 
no apparent cause in four patients. 
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Fifty-four of the patients were diagnosed as having 
a pulmonary embolus. The diagnosis was made using 
pulmonary angiography in 17 patients; on clinical 
grounds and with characteristic lung scans in 36; and 
on clinical grounds alone in one patient. Examination 
of the 60 patients’ legs prior to balloon occlusion 





Fic. 4. Series of x-rays during balloon placement: (A) Catheter in 
right iliac vein. (B) Venogram shows anatomy and left iliac thrombus. 
(C) Balloon inflation between iliac and renal veins results initially in 
round shape. (D) Balloon elongates as it is molded by I.V.C. (E) 
Venogram confirms adequate size and proper position of balloon. 
(F) Catheter separates and is withdrawn. 


494 


showed that in 24 patients they were normal. Thirty- 
two patients had phlebitis with edema, and four patients 
had phlebitis without swelling. Thirteen patients had 
venographic evidence of deep venous clotting, and in 
five the thrombus extended into the I.V.C. 

Indications for I.V.C. interruption were: contraindi- 
cation to anticoagulant therapy in 18 patients; compli- 
cations of the anticoagulants requiring that they be 
stopped in 13 patients; pulmonary embolus despite 
adequate anticoagulant therapy in 27 patients; and 
the presence of a large I.V.C. thrombus without pul- 
monary embolus in two patients. 

The majority of the patients were critically ill. Fifty- 
one patients had some degree of cardiopulmonary dis- 
tress; 26 were receiving oxygen therapy; eight were 
intubated and on respirators; and two were semi- 
comatose. 

In addition to the common characteristic of having 
indication for I.V.C. interruption, the majority of the 
patients undergoing balloon occlusion had features of 
their clinical problem particularly favoring the trans- 
venous route. Most common was the inability to safely 
tolerate general anesthesia and flank operation. Other 
special situations related to extreme obesity, the pres- 
ence of infected or problem abdominal wounds; pa- 
tients with malignancy being palliated on chemother- 
apy; and the presence of intracaval clot. Thrombus 
within the I.V.C. can pose technical difficulties if 
encountered during retroperitoneal surgery. 

All balloon occlusions were done in the radiology 
department, with the surgeon assisted by a radiologist 
and anesthesiologist. Cuff blood pressures, venous 
pressures, and EKG were routinely monitored, and on 
some occasions intra-arterial and pulmonary artery 
pressure measurements were taken. The anesthesiolo- 
gist supervised the awake patient and provided intra- 
venous or inhalation therapy as needed. Some patients 
had pulmonary angiography and then I.V.C. occlusion 
as part of a two-step approach performed by the same 
team in the radiology suite. 

Twenty-nine patients were anticoagulated at the time 
of balloon insertion. Twenty-two were on infusion hepa- 
rin; two on Coumadin®; and five on both heparin and 
Coumadin. A 33-year-old male with lung cancer and a 
hypercoagulate state, leg phlebitis, and lung emboli, 
had thrombus in his jugular vein. His desperate cir- 
cumstance warranted thrombectomy of the jugular 
vein, which was then used for successful placement 
of the I.V.C. balloon. In 16 patients there were minor 
difficulties in passing the catheter into the distal I. V.C. 
These included transient hold-up in the heart, at the 
diaphragm, and in the right renal vein. The latter was 
the most common site of hold-up, and was readily over- 
come by partial inflation of the balloon, which shifted 
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the catheter tip off the lateral venous wall and permitted 
it to move into the distal I. V.C. Other maneuvers to 
change the anatomic relations and permit catheter pas- 
sage included deep inspiration, expiration, coughing, 
or the Valsalva maneuver. 

Venography done through the same catheter bearing 
the balloon gave precise knowledge of the anatomy. 
We came to choose a level for occlusion which was 
well below the renal veins, but avoided the iliac vein 
confluens. Preservation of the continuity between the 
two common iliac veins was thought to have theoretical 
value in favoring their patency and enhancing the de- 
velopment of venous collaterals from both legs. 

Adequate inflation of the balloon was readily judged 
by elongation and molding of the balloon by the venous 
walls; inability to move the balloon with applied firm 
traction; and the demonstration that the balloon was 
bigger than the I. V.C. above it. Although the entire 
procedure could be done simply with fluoroscopy, a 
final film was made recording the last venogram with 
its documentation of proper size and position of the 
occluder. 

Despite the fact that most patients were quite ill, and 
11 were on drug support to maintain cardiovascular 
adequacy, only a single patient had a significant decline 
in blood pressure when the I. V.C. was occluded. In this 
instance, the balloon was deflated, colloid was given 
through the outer catheter of the instrument, and the 
balloon reinflated. With an augmented blood volume, 
I.V.C. occlusion was well-tolerated. 

Five patients with intracaval thrombus demonstrated 
by venogram deserve special mention. In each instance 
it was possible to isolate the potential embolus in the 
distal I. V.C. by a properly manipulated and positioned 
balloon. In two of the patients, extensive clot in the 
still-patent I. V.C. extended to the renal veins. In the 
latter instances, the partially inflated balloon was used 
as a piston (Fig. 5) to move the clot into the distal 
I.V.C., where further inflation fixed the occluder and 
isolated the thrombus. 


Results 


There was no mortality attributable to I. V.C. occlu- 
sion. No patient had a subsequent pulmonary embolus. 
The 29 patients who were simultaneously anticoagu- 
lated experienced no complications. 

Of the 60 balloons placed, two required removal 
because of malfunction. One patient had an unstable 
balloon removed by a flank incision, and an I.V.C. 
ligation was done. The other patient had pulmonary 
embolectomy of both embolized venous clots from the 
legs and the balloon remnant. This patient also had 
I.V.C. ligation, with evacuation of a massive retro- 
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1G. 5. Diagram showing 
ianagement of I.V.C. 
1rombus: (A) I.V.C. 
irombus (arrow) extends 
» renal veins. (B) Partially 
iflated balloon moves clot 
ito distal I. V.C. (C) Fur- 
er inflation fixes bal- 
yon; IL. V.C. above is clot- 
‘ee. (D) Detached bal- 
yon isolates thrombus in 
istal vena cava. 


yeritoneal hematoma which had complicated prior 
ieparin theapy. Both of these patients recovered and 
vere discharged from the hospital in good condition. 

The two balloon failures described above were traced 
o specific defects in the balloon assembly design. Such 
liscovery led in both instances to instrument redesign 
vith correction of the problem. There were no other 
nstances of balloon movement or instability. 

As stated before, prior to balloon occlusion 32 
yatients had phlebitis with edema, and four patients 
1ad phlebitis without swelling. The status of the legs 
‘ollowing balloon occlusion is of special interest, be- 
:ause of the division of patients into two groups de- 
sening upon whether they were anticoagulated during 
ind after I. V.C. interruption. Patient survival and fol- 
ow-up were required for a minimum of two weeks for 
assignment to either of these groups. 

Twenty-nine patients had balloon occlusion while 
anticoagulated. Twenty-five of the patients either had 
extremities that remained normal after occlusion; or 
if phlebitis/edema had been present, it improved. Four 
of the patients (14%) had worsening of their lower ex- 
tremities post-occlusion. 

Twenty-five patients had balloon occlusion done 
while not anticoagulated. Sixteen of the patients either 
had extremities that remained normal after occlusion; 
or if phlebitis/edema had been present, it improved. 
Nine of the patients (36%) had worsening of their lower 
2xtremities post-occlusion. 

One-third of the patients had normal legs before and 
after balloon occlusion. Analysis of the data showed 
that the patients most likely to have no adverse effect 
on their lower extremities following balloon occlusion 
were those without leg edema, who were occluded 
while heparinized. The patients most likely to have 
worsening of their legs were those with swollen ex- 
tremities who were occluded without the use of anti- 
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coagulants. Nine patients were discharged with elastic 
stockings, and five of these had some residual edema. 

There were nine hospital deaths, due to a variety of 
causes. Malignant, cardiac, hepatic, and renal disease, 
as well as hemorrhage, were recorded. Autopsy was 
done in all, and in every instance, the balloon occluder 
was in its original and proper position. Only one death 
occurred among the last 20 patients, reflecting some 
liberalization in patient selection. 


Late Follow-up 


Follow-up extends to seven years, with a minimum 
of four months for the most recent patient. Except for 
one patient, complete follow-up was achieved. 

Since hospital discharge, no patient has experienced 
any problem from the presence of his intracaval 
occluder. There has been no migration or movement 
of the balloon remnant. Serial x-rays made at frequent 
intervals have shown that the balloon gradually deflates 
over six to 18 months (Fig. 6), and that the vena cava 
scars down to contain the remnant. Venography (Fig. 6) 
has shown the many tortuous venous channels which 
bypass the point of I.V.C. occlusion, and lead to the 
patent vena cava just above the balloon. 

Only one patient has experienced a further bout of 
acute deep thrombophlebitis since hospital discharge, 
and he later died of metastatic cancer. Forty-five pa- 
tients have had sufficient outpatient follow-up to permit 
long-term appraisal of the combined effect of their phle- 
bitis and therapeutic balloon occlusion on their lower 
extremities. Of these patients, 36 had no edema; five 
had no edema but wore elastic stockings (three wore 
stockings before I. V.C. occlusion); and three had mild 
to moderate edema without elastic stockings. Only one 
patient had severe disabling swelling, and this patient 
had had similar edema prior to balloon occlusion, with 
demonstrated extensive intracaval thrombus. 
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I8 MONTHS 24 MONTHS 


Three patients had findings of long-standing deep 
venous insufficiency with stasis dermatitis prior to 
I.V.C. occlsuion. The post-occlusion status of these 
patients is unchanged. No other patient has developed 
the cutaneous changes of the post-phlebitic leg. 

It is probable that no late pulmonary emboli have 
occurred following hospital discharge. However, two 
female patients, each of whom died four years after 
balloon occlusion, required special review to make this 
judgment. One, aged 77, died after repetitive and recur- 
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Fic. 6. Sequence of x-rays 
shows gradual deflation of 
the balloon. Rounding of 
balloon on day four occurs 
as LV.C. accommodates 
to lateral pressure of the 
balloon. Venogram at six 
months shows collapsing 
balloon with patent I.V.C. 
above. 


6 MONTHS 


rent bouts of heart failure; and the other, aged 74, died 
following surgical exploration for extensive bowel in- 
farction. No autopsy was done in either instance, and 
no definite embolus could be found on case review. 
Mention is made because these were the only patients 
where any question whatever was raised about recur- 
rent embolism by patient observation, or the reports 
received from family physicians. 

Despite freedom from thromboembolic death, of the 
51 patients originally dishcarged from the hospital, 16 


Fic. 7. Scar-encapsulated 
I.V.C. balloon remnant six 
months after insertion. In- 
tima covers I.V.C. cul de 
sac. Patient died of malig- 
nancy. 
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have died. Patients who have died have survived an 
average of nine months, with more than half dying 
of recurrent or persistent malignancy. Late death from 
non-embolic cause has provided an opportunity to 
examine at autopsy the collapsed balloon. (Fig. 7) The 
rounded balloon remnant is encased in a fibrous capsule 
which permanently obstructs the vena cava. 


Discussion 


As a group, patients requiring I.V.C. interruption 
are not good candiates for general anesthesia and surgi- 
cal trauma. Our experience confirms that they are often 
old, obese, have marginal cardiopulmonary reserve, 
and have underlying disease that gives a poor prog- 
nosis. The fact that in a seven year patient study, 25 
of our 60 patients have died despite effective protection 
from pulmonary emboli, defines the precarious nature 
of the group, and underscores the sometimes palliative 
nature of even successful I.V.C. occlusion. 

In consideration of the above, and in light of the truth 
that the I. V.C. is readily accessible from the periphery, 
it was logical that efforts be made to develop tech- 
niques to achieve transvenous interruption of the vena 
cava. Many surgeons have made important contribu- 
tions,?»9.1119222729 with the Mobin-Uddin device hav- 
ing had the greatest application. 

This experience with 60 patients has shown that com- 
plete interruption of the I.V.C. is tolerated even by 
extremely ill patients. The ability to re-open the I.V.C. 
and administer a blood volume expander through the 
instrument itself, proved useful in the single instance 
where it was required to accomplish successful I. V.C. 
interruption. A balloon, inflatable to any needed diame- 
ter, has met the requirements posed on an occluder 
by the varying and unpredictable size of the individual 
vena cava. Because the cava is distensible and the bal- 
loon diameter exceeds the I. V.C. diameter above, secur- 
ity in position can be achieved. In practice, there was 
no difficulty in establishing balloon stability before it 
was separated from the introducing catheter, because 
in addition to the radiologic evidence of proper size 
and shape, one could prove fixation by the fact that it 
was immobile when firm traction was applied. The abil- 
ity to perform routine venography through the instru- 
ment made precise positioning possible, and allowed 
documentation by an x-ray film of the final size and 
location of the balloon in relation to the proximal vena 
cava and renal veins. 

After more than a decade of laboratory and clinical 
experience, with this problem, we adhere to the original 
judgment that an intraluminal I.V.C. occluder should 
not attempt to be a "filter" and that any foreign body 
placed in the retroperitoneal space should have design 
without sharp edges, pins or points. The literature con- 
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firms that fenestrated occluders thrombose,?-*7 91229. 
23.25.31 and we suggest that flow through a partially clotted 
filter may account for the recurrent emboli reported." 
Similarly, the literature documents the problems of caval 
perforation and injury to retroperitoneal structures that 
can result from placement of sharp-edged, rigid, or 
semi-rigid caval devices.?:5:17:24.26.25,30 

Because the vena cava balloon does not penetrate 
or perforate the venous wall, it has been possible to 
meet the original commitment, that the occlusion tech- 
nique must allow simultaneous heparinization. The 
theoretical worth of simultaneous occlusion and hepa- 
rinization has been substantiated, in that our experi- 
ence shows the patient’s lower extremities do much 
better if both modalities of treatment are given. Wors- 
ening of the phlebitis or edema occurred in only 14% of 
patients occluded while anticoagulated. 

Use of the transcaval balloon resolved the technical 
problem created by intracaval thrombus. Not only did 
the carefully manipulated balloon succeed in isolating 
the clot in the distal I.V.C., but it seemed especially 
desirable in the five patients with extensive proximal 
venous clotting to provide simultaneous anticoagulant 
therapy. 

Although during the learning period and the time of 
instrument development, two of the 60 balloons did 
have to be removed because of malfunction, both epi- 
sodes had explanation in design defect. These were 
corrected, and the problem eliminated. No malfunc- 
tions have occurred with the instrument in current use. 
These two events do not reflect unfavorably on the 
concept, but illustrate that the evolution of reliable 
instrument design must await application and revision. 

Late results of balloon occlusion are excellent with 
continued protection from pulmonary emboli: a low 
incidence of leg problems; and absolute stability of 
the small, rounded, scar-encased balloon remnant. 

We believe that in the future, the technique of choice 
for many patients needing I.V.C. interruption will be 
a transvenous one. A patient population exists where 
no other approach can be used and there is a second 
patient group where it is very advantageous to avoid 
general anesthesia and major surgery. The technique 
should permit simultaneous I.V.C. interruption and 
anticoagulation. The results of this ten-year study con- 
firms the feasibility of the transvenous principle, and 
shows that the technique of I.V.C. balloon occlusion 
has produced excellent results. 
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DISCUSSION 


Dr. FRANK C. SPENCER (New York, New York): The data 
seem most significant. I would make about five observations, as 
follows: First, the data clearly shows that this technique prevents 
pulmonary emboli. The number of cases, the duration of observa- 
tion, and other points all support that this is an effective method 
of preventing pulmonary embolization. A second striking point, es- 
pecially curious, is the absence of hypotension following inflation 
of the balloon. Following complete occlusion of the vena cava, 
several reports have described a lowering of blood volume from 
trapping of blood in the lower extremities with resulting hypo- 
tension. This has precipitated serious sequelae in critically ill 
patients. The absence of this event in the patients described in 
this report may indicate that the difficulties encountered by others 
were either due to hypovolemia or to the concomitant effects of 
anesthesia on compensatory mechanisms for sudden changes in 
blood volume. My third point is the obvious influence that acute 
occlusion with this technique did not precipitate phlebitis in a 
significant number of patients, despite the stasis induced. 


Finally, considering the long-term course of the patients, I 
believe there were only four of the 40 patients that subsequently 
had significant edema. This suggests, as indicated in other reports, 
that the two significant factors that determine the long-term 
disability following ligation of the vena cava are the extent of the 
phlebitis and the ability of the individual patient to develop col- 
lateral circulation. The relative influence of these two independent 
variables probably determines long-term sequelae more than 
anything else. 

In summary, I think this is an impressive contribution and 
compliment the authors on their ingenuity and their presentation. 
My only question is whether they have any indication at all for 
surgically approaching the vena cava or would they routinely use 
the balloon. For example, if the patient were a 42-year-old pro- 
fessional golfer with pulmonary emboli, would the balloon occlusion 
technique be used or would some technique of partial interruption, 
such as a clip or plication, be employed? 


Dr. JAMES A. HUNTER (Closing discussion): Dr. Spencer, 
you are correct; balloon occlusion has prevented pulmonary 
emboli. It is true, however, that no surgical method can be 100% 
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protective and ultimately an embolus will occur. The incidence 
should be low with this technique. 

We are pleased with the tolerance of very sick patients in per- 
mitting complete I.V.C. interruption. The explanation lies in the fact 
that the patients were not anesthetized. 

The ability to reverse the occlusion by deflating the balloon, 
provided a solution in the single instance of hypotension that 
resulted from balloon occlusion. After blood volume augmenta- 
tion, reinflation of the balloon was then tolerated. 

Simultaneous use of I.V.C. occlusion and anticoagulation had 
clear benefit in terms of the effect on the lower extremities. 
A major advantage of the method is that it permits both 
modalities of treatment. 
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The incidence of late problems with leg edema was low. We 
believe that the fact that many patients had uninterrupted heparin 
therapy was important. 

Regarding your question about indications for balloon occlusion, 
initially we used the method only in critically ill patients who 
could not conceivably tolerate general anesthesia and conventional 
flank surgery. Confidence has resulted from demonstration that the 
technique is a good one and a reliable one. At present we use 
balloon occlusion as the method of I.V.C. interruption whenever 
the circumstance of the patient makes it desirable to avoid surgical 
or anesthetic trauma. The technique may also be chosen for the 
heparinized patient, when we wish to combine the advantages of 
I.V.C. interruption with anticoagulant therapy. 


A Prospective Comparison of Gastric and Jejunoileal 
Bypass Procedures for Morbid Obesity 


WARD O. GRIFFEN, JR., M.D., PH.D., V. LEROY YOUNG, M.D., CRAIG C. STEVENSON, Pu.D. 


A randomized prospective evaluation of the gastric and jejuno- 
ileal bypass procedures for morbid obesity was performed. 
The gastric bypass was performed predominantly as a 90% 
gastric exclusion with a Roux-en-Y reconstitution. The jejuno- 
ileal bypass was an end-to-end anastomosis between 30 cm of 
jejunum and 25 cm of terminal ileum, the bypassed segment of 
small bowel being decompressed by an end-to-side ileocolos- 
tomy. There were 32 patients in the gastric group and 27 in 
the jejunoileal group. The two groups were comparable in age, 
preoperative weight and height. There were no postoperative 
deaths, but the gastric bypass operation was associated with 
a slightly higher early complication rate indicating it is a more 
technically demanding procedure. Late sequellae were more 
prominent in the jejunoileal bypass group and included sig- 
nificant diarrhea in 56% and need for medication in 74%. Kid- 
ney stones and cholelithiasis also complicated the jejunoileal 
group and were not seen after gastric bypass. All patients 
showed fatty metamorphosis on the original liver biopsy. This 
had worsened in 75% of the jejunoileal group at one year 
whereas it had improved or was stable in all of the patients 
in the gastric group. 


LTHOUGH THERE IS LITTLE EVIDENCE that morbid 
A obesity per se is detrimental to health, actuarial 
studies and other information have indicated obesity as 
a significant factor in the increased morbidity and mor- 
tality associated with a variety of conditions including 
heart disease, hypertension, diabetes, pulmonary in- 
sufficiency, and postoperative recuperation. While 
proper dieting and an exercise program is the best ther- 
apeutic modality for the morbidly obese, many patients 
are unable to lose weight or maintain ideal weight de- 
spite diets, drugs or psychotherapy. Thus surgical 
means of controlling weight have become popular over 
the past decade. 

Jejunocolostomy was first advocated as the surgical 
procedure for mobid obesity. Although all patients 
showed dramatic weight losses, the postoperative mor- 
tality and morbidity seemed too high to warrant its 
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continued use.'?^? In 1969, Payne and DeWind pub- 
lished their results on the small bowel bypass procedure 
where the jejunum was transected 35 cm (14 inches) 
distal to the ligament of Treitz and the proximal end 
anastomosed to the ileum ten centimeters (four inches) 
proximal to the ileocecal valve in an end-to-side fash- 
ion.* Weight loss in some patients was spectacular, but 
there were some disappointing failures which were felt 
to be due to reflux of nutrients into the bypassed seg- 
ment of bowel. In order to obviate this reflux, Scott 
et al., in 1971, conceived of transecting the jejunum 
30 cm (12 inches) distal to the ligament of Treitz and 
the ileum 15 cm (six inches) proximal to the ileocecal 
valve. He then performed an end-to-end anastomosis 
between the proximal end of the jejunum and the distal 
end of the ileum.* The distal end of the jejunum was 
oversewn and the proximal end of the ileum was anasto- 
mosed to the colon to provide drainage for the bypassed 
segment. With various modifications, usually in the 
amount of ileum preserved, this has become a more or 
less standard jejunoileal bypass procedure. 

Meanwhile in 1969 Mason, having been discouraged 
by some of the untoward results seen with the small 
bowel bypass, devised the gastric bypass procedure.‘ 
In this operation the proximal portion of the stomach 
is transected completely. The distal end is oversewn 
and the proximal pouch representing 10% of the stom- 
ach or less is anastomosed to a loop of jejunum. The 
diameter of the anastomosis is no more than 1.2 cm in 
order to discourage gastric emptying. At first this oper- 
ation was greeted with concern about marginal ulcera- 
tion and its technical difficulty in the morbidly obese 
patients, but the former problem has not materialized. 
Mason and others have devised modifications to the 
basic procedure and have tried some other techniques 
to simplify the operation which have not been very 
successful.” 

While there are other procedures available for the 
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TABLE |. Criteria for Patients Undergoing Bypass 
Procedures for Obesity 





. >50 kg. over ideal weight. 

. No evidence other causes for obesity. 
Concomitant diseases preferred. 

. Psychiatric clearance. 

. Willingness to participate in protocol. 
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management of the morbidly obese including the wiring 
of teeth to avoid the ingestion of large quantities of 
food, the fact remains that the jejunoileal and gastric 
bypass procedures, both of which are surgically re- 
versible, have become the accepted procedures in the 
management of the morbidly obese. 

The time had arrived for a comparative study of the 
jejunoileal and gastric bypass procedures. In January 
1974, utilizing hospital numbers as the randomizing 
determinant, a comparative study of the jejunoileal 
and gastric bypass procedure for morbid obesity was 
begun. This report is the result of that study in the first 
59 patients. 


Material and Methods 


All patients were interviewed in the out-patient de- 
partment before being admitted to the hospital. It was 
first determined that they met the primary criteria of 
being morbidly obese, namely 50 kg over their ideal 
weight. In addition, a careful history was taken regard- 
ing their weight problems as well as their attempts to 
deal with it. No patient was admitted to the program 
unless they had attended and lost weight in a diet pro- 
gram. In addition it was also determined that they did 
not have any endocrine abnormality to account for their 
excessive weight and that their general physical condi- 
tion would permit them to be a satisfactory operative 
risk. Although not mandatory it was preferred that they 
gave a history or showed some sign or symptom of an- 
other significant condition, e.g. hypertension, diabetes, 
or pulmonary insufficiency (Table 1). 

The entire protocol was explained to the patient in- 
cluding the randomization procedure where they were 
assigned to the gastric bypass group if the hospital num- 
ber were odd, the jejunoileal bypass group if their hos- 
pital number were even. If they agreed to the protocol 
and the explanation of the procedure and risks, they 
were admitted to the hospital. As an inpatient they went 
through a standard series of examinations and tests of 
cardiorespiratory, renal, gastrointestinal, and endo- 
crine systems (Tables 2 and 3). They were also visited by 
a psychiatrist who attempted to determine their suit- 
ability for the proposed operation. All of this pre- 
operative evaluation took eight to ten days. The pa- 
tients then underwent the operative procedure to which 
they had been assigned. The first seven gastric bypass 
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TABLE 2. Preoperative Evaluation 





Endocrine 

1. T; and T, 

2. Serum cortisol A.M. and P.M. 

3. GTT 

4. Urinary 17 hydroxy and 17 ketosteroids 
Lipid 

1. Lipid profile by lipoprotein electrophoresis 
Cardiorespiratory 

1. Pulmonary function tests 

2. Arterial blood gases 

3. Chest x-ray 

4. Electrocardiogram 





procedures were done according to the method of 
Mason, et al. by transecting the stomach at a high level 
and making a retrocolic end-to-side gastrojejunostomy. 
The remainder of the gastric bypass group underwent 
the same transection of the stomach, but rather than 
using a loop of jejunum for the anastomosis, the jeju- 
num was transected and the distal limb brought retro- 
colic for the anastomosis to the stomach. The proximal 
limb of the jejunum was then anastomosed to the jeju- 
num 30 cm distal to the gastrojejunostomy in an end- 
to-side fashion (Fig. 1). This change was made because 
the greatest technical difficulty was bringing the stom- 
ach into a position so the gastrojejunostomy resided 
below the opening in the transverse mesocolon and be- 
cause the first few patients seemed to have a great deal 
of difficulty with bilious vomiting. 

The jejunoileal bypass procedure was done in an 
end-to-end fashion as advocated by Scott, et al. The 
length of the jejunum distal to the ligament of Treitz 
and the ileum proximal to the ileocecal valve were 30 
and 25 cm respectively. The jejunal end of the bypassed 
segment of bowel was oversewn and tacked to the mes- 
entery while the ileal end was anastomosed to the sig- 
moid colon in an end-to-side fashion. Stapling devices 
were used routinely in these procedures although all 
staple lines were oversewn where appropriate or ex- 
cised when a standard two layer anastomosis was per- 
formed utilizing non-absorbable suture for the sero- 
muscular stitches and chromic catgut for the mucosal 
layer. The appendix was routinely removed during 


TABLE 3. Preoperative Evaluation (cont'd) 





Renal 

1. BUN, Serum creatinine 

2. IVP 
Gastrointestinal 
UGI series. Barium enema, oral cholecystogram 
Basal and maximal gastric acids 
Absorptive tests for Vitamin B,» 
Fecal fat 
Liver function tests 
Hematologic 

1. Coagulogram 


aA Aa UN 
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Fic. 1. Technique of retrocolic Roux-en-Y anastomosis used in last 
25 patients undergoing gastric bypass. 


jejunoileal bypass, but never removed during the gas- 
tric bypass procedure. Other simultaneous procedures 
were performed as indicated including cholecystec- 
tomy, Meckel’s diverticulectomy, repair of previous 
incisional hernias and inferior vena caval clipping. 

A number of paraoperative maneuvers were per- 
formed during the hospitalization of these patients. 
All patients received subcutaneous heparin, 5,000 units 
subcutaneously every eight hours upon admission to 
the hospital and until they were fully ambulatory in 
the postoperative period. Although the gastric bypass 
procedure patients did not receive any systemic anti- 
biotics at first, the early incidence of wound infection 
was sufficiently high that they were given the same 
systemic antibiotics that the jejunoileal bypass group 
received after the first eight patients in the gastric group 
had been done. In general the endotracheal tube was 
removed within the first 24 hours after the operation. 
Early ambulation was the rule for the jejunoileal by- 
pass group, but ambulation of the gastric bypass group 
was delayed for 48 hours so as not to put too much 
strain on the gastrojejunostomy. 

Once adequate peristaltic activity had begun, the 
nasogastric tube was removed and oral intake started. 
After clear liquids were tolerated, patients in the gas- 
tric bypass group received frequent small feedings 
while the patients in the jejunoileal group were given 
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a standard diet. Diarrhea inevitably ensued in the pa- 
tients with the small bowel bypass, and the most effec- 
tive anti-diarrheal method was found to be a combi- 
nation of oral codeine and calcium which was usually 
begun before the patient left the hospital. All patients 
were placed on a therapeutic multiple vitamin oral 
supplement. 

The patients were seen regularly every month as 
out-patients during the first six months postoperatively. 
They were seen more frequently as dictated by their 
condition or if the patient felt it necessary. Adjust- 
ments in medication and diet were made at the time of 
those visits, and specific blood tests were performed. 
Usually at six months postoperatively the patients had 
adjusted satisfactorily so they could be seen every two 
or three months. X-rays were performed as dictated by 
the patient’s complaint, e.g. upper gastrointestinal 
series for patients with excessive vomiting or a rein- 
forced oral cholecystogram for complaints suggesting 
gallbladder disease. Patients were rehospitalized for 
major problems which could not be handled on an out- 
patient basis, and all were admitted overnight at one 
year for a needle biopsy of the liver. 


Results 


The two groups were comparable in age. The sex 
difference was weighted toward females in the gastric 
group which probably is responsible for the lower pre- 
operative weight and height in the patients undergoing 
the gastric bypass procedure. Nevertheless there is no 
statistical difference in the weights or heights in the 
two groups (Table 4). Concomitant conditions existed 
in 78% of the patients in the gastric group and 67% of 
those undergoing jejunoileal bypass. These included 
hypertension and cholelithiasis. The patients were 
classified as having diabetes if they showed glycosuria 
or an abnormal glucose tolerance curve in the absence 
of glycosuria (Table 5). 

The overall complications show some similarities as 
well as interesting differences (Table 6). There were 
no immediate postoperative deaths in either group and 
one patient in each group has required a takedown of 
the bypass procedure. The patient in the gastric group 
who hada reanastomosis was one of two patients in that 
group who had an anastomotic leak. In this patient the 


TABLE 4. Group Vital Statistics 








Gastric (32) Jejunoileal (27) 
Age 32.8 (19-52) 33 (23-49) 
Sex 23 F,9M 13 F. 14M 
Preoperative 
Weight (kg.) 148.2 (110—209) 157.5 (122-238) 
Height (cm) 162.9 (150—180) 168.4 (155—190) 
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TABLE 5. Concomitant Conditions 
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TABLE 6. Overall Complications 














Gastric (32) Jejunoileal (27) Gastric (32) Jejunoileal (27) 

Total 25 18 Operative deaths 0 0 
Hypertension 9 5 Late deaths 1 l 
Respiratory 3 4 Rehospitalization 4 10 
Cardiac 3 2 Reanastomosis l 1 
Diabetes 9 8 

Hyperlipidemia 2 3 

Cholelithiasis 11 (6)* 7 (4)* 





* Numbers in parentheses indicate cholecystectomy prior to 
bypass procedure; the other patients underwent cholecystectomy 
at the time of the bypass. 


leak was small and responded to non-operative ther- 
apy. However, during the first postoperative year the 
gastrojejunostomy became stenotic to the point of al- 
most complete obstruction, and the patient requested 
reanastomosis. The patient in the jejunoileal group 
who required reanastomosis lost 116 kg in one year and 
developed jaundice, ascites and peripheral edema. He 
finally consented to a reanastomosis when he weighed 
66 kg. 

There have been two late deaths, one in each group. 
The death in the jejunoileal group occurred ten months 
postoperatively after the patient had lost 114 kg. He 
steadfastly refused reanastomosis despite severe liver 
disease and died in hepatorenal syndrome. The patient 
in the gastric group who died was readmitted three 
months after the bypass procedure for observation. 
Two days after admission she collapsed and could not 
be resuscitated. The clinical impression was pulmonary 
embolus, but none was found at autopsy. Ten other 
patients in the jejunoileal group required rehospitaliza- 
tion, mostly for severe electrolyte imbalance although 
some have been rehospitalized for further surgical pro- 
cedures, e.g. four for cholecystectomy and an addi- 
tional one for incisional hernia repair. Only four gastric 
bypass patients required rehospitalization, one for a 
fistula after an anastomotic leak, the other three for 
incisional hernia repair. 

The incidence of early surgical complications was 
greater in the gastric bypass group (Table 7). The 
wound complication rate and urinary tract infections 
were similar in both groups. However, there were two 
anastomotic leaks in the gastric bypass groups whereas 
none were seen following jejunoileal bypass. There 
were no pulmonary emboli in either group, but the gas- 
tric bypass procedure led to three incidental splenec- 
tomies. If splenic injury is eliminated from considera- 
tion, the early complication rate is almost identical in 
the two groups. Nevertheless the overall greater num- 
ber of intraoperative and early postoperative compli- 
cations after gastric bypass probably reflects the some- 
what higher degree of difficulty posed by that opera- 
tion in the morbidly obese patient. 


The late complications and sequellae are of con- 
siderable interest (Table 8). Nausea and vomiting is a 
prominent symptom in the patients with a gastric by- 
pass. Some vomiting is experienced by all until they 
learn to adjust to the small stomach, but bilious vomit- 
ing was particularly annoying and persistent in the first 
seven patients and resulted in a change of technique to 
the Roux-en-Y reconstruction. Even then significant 
nausea and vomiting was the most troublesome se- 
quella following gastric bypass. In contrast the je- 
junoileal bypass carries a high incidence of diarrhea 
requiring specific anti-diarrheal medication. They are 
also associated with excess potassium loss requiring 
supplemental oral potassium. 

Specific late complications require some emphasis. 
Kidney stones occurred in four patients undergoing 
jejunoileal bypass; none were seen in the gastric group. 
Since almost all of the patients showed an increased 
serum uric acid and oxaluria postoperatively, there 
must be another explanation for this difference. Like- 
wise cholelithiasis occurs quite frequently in the pa- 
tients undergoing jejunoileal bypass and is infrequent 
after gastric bypass. Since 11 of the patients in the je- 
junoileal group already had had a cholecystectomy 
or had that done at the time of the bypass procedure, 
only 16 patients were at risk for the development of 
cholelithiasis and six are known to have done so. In 
the gastric group where 15 patients are at risk only one 
is known to have developed gallstones., 

The incidence of liver disease is also quite strikingly 
different in the two groups. Liver function tests, spe- 
cifically serum bilirubin, alkaline phosphatase, SGOT 
SGPT are of no value in predicting developing liver dis- 
ease. No patient undergoing gastric bypass demon- 
strated significant liver disease while two patients in 


TABLE 7. Early Surgical Complications 








Gastric (32) Jejunoileal (27) 





Wound infection 
Dehiscence 
Anastomotic leak 
Other sepsis 

Urinary tract infection 
Pulmonary embolus 
Other 
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TABLE 8. Late Surgical Complications 
eee 
Gastric (32) Jejunoileal (27) 
a ————M— A 


Nausea and vomiting 11 2 
Diarrhea 2 15 
Kidney stones 0 4 
Pulmonary embolus 2 1 
Reoperations (excl. takedowns) 3 10 
On medication 3 20 
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the jejunoileal group showed severe liver disease post- 
operatively. One of these patients died of this compli- 
cation; the other required takedown of the bypass to 
prevent further hepatic deterioration. Moreover, the 
liver biopsies done at one year postoperatively in the 
two groups show entirely different pictures. Twelve 
patients in the gastric bypass group and 15 in the 
jejunoileal group have consented to percutaneous liver 


Fics. 2a and b (a, top) Liver 
biopsy during gastric by- 
pass. Note fatty and mono- 
nuclear infiltration, 10 x 10 
magnification. (b, bottom) 
Liver biopsy one year after 
gastric bypass. Essentially 
normal pattern 2.5 x 10 
magnification. 
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Fics. 3a and b (a, top) Liver 
biopsy during jejunoileal 
bypass. Note marked fatty 
infiltration 2.5 x 10 mag- 
nification. (b, bottom) Liver 
biopsy one year after je- 
junoileal bypass. Note 
persistent fatty infiltration 
and destruction of hepato- 
cytes 10 x 10 magnifica- 
tion. 


biopsies one year following the bypass operation. All 
12 of the patients in the gastric group show no change 
(2) or improvement (10) in the biopsy (Figs. 2a and b). 
In the jejunoileal group, 12 of the 15 show worsening 
of the liver pattern histologically, and the other three 
show no change (Figs. 3a and b). 

Finally the weight loss pattern and statistics show 
essentially no difference (Table 9). Patients in both 
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groups generally show a weight loss of 20 to 30 kg. in 
the first two or three months. They then stabilize to a 
weight loss of four to six kilograms per month. If any 
of the patients show a weight loss of greater than ten 
kilograms per month after three months postopera- 
tively, they must be evaluated with regard to actual 
nutritional balance. At one year postoperatively, the 
mean weight loss is 51.0 kg. in the gastric group and 


- 
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TABLE 9. Postoperative Weight Loss Statistics (kg) 





Gastric (32) Jejunoileal (27) 





3 Months 


20.1 (10-31.9) 21.0 (10.9-34.1) 
6 Months 33.4 (13.0—64. 1) 37.2 (16.1—72.1) 
1 Year* 51.0 (13.0— 100.0) 57.9 (15.2- 116.3) 





* [Includes 18 gastric and 22 jejunoileal patients. 
At one year no significant difference by Student's ¢ Test. 


57.9 kg in the jejunoileal groups. These figures are not 
significantly different by the Student's t test. 


Discussion 


The usual history of a patient who is morbidly obese 
is one of repeated successes and failures at weight loss 
using a variety of methods which include various diets, 
diet pills, psychological maneuvers such as hypno- 
therapy or rational behavior training, or a combination 
of these approaches. Despite all of these techniques 
the trend is an ever-increasing weight. Although actu- 
arial statistics and scientific evidence is lacking that 
obesity per se leads to decreased longevity, most of 
these patients inevitably develop complicating condi- 
tions such as diabetes, hypertension, and others which 
then make obesity a definite factor in their life expec- 
tancy. Therefore, the sine qua non of any operation 
designed to deal with morbid obesity must be effective 
weight loss which is permanent. Additional factors in 
the ideal operation are that it be technically feasible in 


these large individuals, safe in terms of immediate mor- 3 
bidity and mortality, does not produce excessive mor- 


bidity in the long term followup and enables an indi- 
vidual to function properly while continuing to lose 
weight. It should also be reversible. 

Some operations while seemingly effective at first 


have not successfully met all of the criteria. Jejuno- 


colostomy generally showed a spectacular weight loss, 
but the patients were so incapacitated that they re- 
quired frequent hospitalizations and were unable to 
perform their jobs properly. Eventually most, but not 
all, of the patients required a takedown of the original 
operation. Wiring the teeth together, while effecitve in 
producing weight loss invariably failed as a long-term 
solution since the patients regained their weight as soon 
as the teeth were unwired. Other procedures have come 
and gone, but the jejunoileal and gastric bypass pro- 
cedures have stood the test of time and are currently the 
two operations most used for the management of this 
condition. 

The jejunoileal bypass procedure has been the most 
popular operation, probably because of its technical 
simplicity. Dissatisfaction with the operation has come 
from 1) the excessive diarrhea which usually requires 
some sort of medication, often leads to electrolyte im- 
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balance, particularly hypokalemia, and which may 
require hospitalization, and 2) the severe liver disease 
which has been fatal in several instances.? If the de- 


hydration from diarrhea is sufficiently prolonged, kid- © 


rey stones will occur. To be added to the list of reasons 
for dissatisfaction is the fact that the jejunoileal by- 
pass operation is a lithogenic one. Almost invariably 
the jejunoileal bypass will create imbalance among 
cholesterol, phospholipids and bile acids in the bile 
and these patients will develop cholelithiasis in the 
long-term postoperative period. 

On the other hand, the gastric bypass procedure has 
not achieved great popularity because at first thought 
it appears to be a technically demanding operation 
which may even have to be abandoned in the very obese 
and which was thought to carry a great risk of intrac- 
table dumping and marginal ulceration when first pre- 
sented by Mason. Gradually as dissatisfaction with the 
jejunoileal bypass procédure in the hands of several 
investigators has increased, the gastric bypass pro- 
cedure has gained in popularity. Thus need for com- 
parative study seems appropriate. 

The results reported herein record the first three 
years experience with this study. The small number of 
patients entered so far may reflect the population base 
served by the University of Kentucky Medical Center, 
but as anyone who has worked in this field knows, once 
a surgeon begins to do operations for the morbidly 
obese, fat people appear in a steady stream. The small 
number in this series rather represents adherence to 
strict criteria for admittance into the study as well as 
an effort on the part of the surgeons to encourage the 
morbidly obese person to seek other means of weight 
loss than an operative procedure. 

However, from the results of this study several con- 


clusions are apparent. Both the jejunoileal and gastric —. 


bypass operations can be performed quite safely in the 
morbidly obese. Anastomotic breakdown is a rarity, 
and otlier complications such as wound infection, pul- 
monary embolus and urinary or upper respiratory in- 
fection are acceptable. The gastric bypass procedure 
is somewhat more demanding technically and strict 
attention to the details of the operation, particularly 
size of the gastric pouch and diameter of the gastro- 
jejunostomy are crucial to success for weight loss in the 
gastric bypass procedure. 

All patients undergoing a bypass operation for mor- 
bid obesity must be followed closely. This is particu- 
larly true during the first six months postoperatively 
when changes in medication may be needed. Monitor- 
ing weight is crucial to detect failure of the procedure 
either because of lack of or excess weight loss. General 
psychologic support is also necessary during these 
early postoperative days. 
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Liver disease is a definite threat in the jejunoileal 
bypass patient, but the trend to excessive weight loss 
while pleasing to the patient is the harbinger of sig- 
nificant liver disease. Weight loss of more than 6 kg 
per month in these patients generally means that they 
are not irigesting adequate calories or they are losing 
excess calories because of severe diarrhea and, there- 
fore, they have exogenous malnutrition superimposed 
upoi the surgically created malabsorption. This will 
then lead to the same type of liver disease that is seen 
in Kwashiokor. Obviously it can be combated by check- 
ing the excess diarrhea, making specific detailed re- 
cording of the diet or if necessary, hospitalization for 
hyperalimentation to reverse the trend. 

All patients show a trend to attain a plateau of weight 
loss between one and two years following the bypass. 
They rarely reach their ideal weight. Once sufficient 
weight has been lost, they should be encouraged to 
embark on a regular exercise program. 

The gastric bypass procedure definitely has a finite 
learning curve both to obtain the correct size in the 
gastric pouch and the diameter of the gastrojejunos- 
tomy opening and to eliminate technical errors. Once 
the technique of gastric bypass is learned, it would 


DISCUSSION 


.DR. HENRY BUCHWALD (Minneapolis, Minnesota): I would 
like first of all to compliment Dr. Griffen, and his co-workers, for 
what I believe is the first randomized study to be reported in 
what is now a middle-aged field. We do both procedures at the 
University of Minnesota but we do not have a randomized trial. 

I would criticize Dr. Griffen with respect to his technique in the 
jejuno-ileal bypass patients. I believe that he leaves too much 
functioning bowel. His retained small intestine, excluding the duo- 
denum, measures 55 cm. We leave 40 to 45 cm, as does Dr. H. 
William Scott. This five to ten centimeter difference is critical 
and, I believe, may account for the jejuno-ileal bypass patients in 
Dr. Griffen's series losing no more weight than his gastric patients. 


: In our experience, we have found a far more significant weight 


reduction after the intestinal bypass procedure. 

We have not been able to document the marked postoperative 
cholelithiasis found by Dr. Griffen. Currently, we are determining 
the tripartite coordinants and the lithogenic index of ampullary 
bile aspirates before, and after, bypass. Possibly, we can provide 
some scientific data on this subject in the not too distant future. 

We would agree with Dr. Griffen that 7596 of jejuno-ileal bypass 
patients have a negative progression of the liver biopsy at one year. 
However, sequential biopsies up to five years, have often demon- 
strated a return to the original histology, or even an improvement. 
Far more critical, is the fact that only five per cent of jejuno- 
ileal bypass patients exhibit clinical liver failure. 

I would like to invite Dr. Griffen to extend the number of 
his patients, and the years of follow-up to a minimum of three 
per individual, before drawing any final conclusions. Jt may well 
turn out that different operations should be done for different 
people, depending on their weight and on their personality. Will 
they tolerate diarrhea? Will they tolerate small meals, or vomiting? 
Will they work to outeat the bypass? Will the gastric pouch distend 
with time and negate the original satisfactory results? Experience 
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appear to be superior to jejunoileal bypass in that it 
has the same weight loss capability, fewer long-term 
sequellae and no evidence of the development of sig- 
nificant liver disease. 
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has shown that the gastric bypass can probably be outeaten; whereas, 
it is only rare that the jejuno-ileal bypass can be outeaten. 

And, finally, both operations are compromises with reality. Ail 
this surgical activity should stimulate true students of this field not 
only to perfect the best operative intervention but to engage in basic 
research to elucidate the underlying mechanism of this problem. 


Dr. EpwanD E. Mason (Iowa City, Iowa): This is the first 
of three randomized prospective studies that I’m aware of, and the 
first one to be reported. 

Dr. Griffen mentioned that one of the problems with the gastrie 
operation is that it is somewhat more difficult; and I would like to 
mention a modification of the procedure that i is being used in the 
Twin Cities by several different surgeons, but particularly by Dr. 
John Alden, who has loaned me some slides. (slide) This simplifica- 
tion consists of dissecting the greater curvature up to the cardia, 
a high anterior gastroenterostomy in the descending limb of the 
loop of the proximal jejunum, placement of the TA90 across the 
stomach just below the gastroenterostomy, pulling the stomach 
down through the TA90, so as to make this pouch less than 
100 ml in volume and then setting the staples. There are a few 
sutures placed between the descending limb of jejunum and the 
stomach which coinpletes the operation. 

There is a little trick that someone told me about, of putting a 
Robinson catheter on the foot process of the TA90, so that you 
can guidé it into place. This is à little bit like building a boat 
in a bottle, but it can be done very easily once you learn the 
manipulations. It's also like putting on your shoe. . 

The operation in Alden's hands has had no mortality in over 200 
patients, and his average operating time is 67 minutes. This can be 
a simple operation, but it takes some learning. When we started 
doing the operation, it took us an average of five hours, which 
is an indication of the learning that can come about in the per- 
formance of the procedure. 

The development of an operation for duodenal ulcer has gone 


508 


on for as long as any of us remember, and it’s still not settled, 
so I have no doubt that there will be further modifications and 
testing of operations for morbid obesity; but I do wish to con- 
gratulate Dr. Griffen for taking the bias out of bypass. 


. Dr. Wittram V. McDermott, Jr. (Boston, Massachusetts): 
This study by Drs. Griffen, Young, and Stevenson presents what 
I feel is a very conclusive paper, emphasizing the advantages 
of the gastric bypass procedure over the various forms of in- 
testinal bypass operations. 

Studies from the nutritional and metabolic unit in the New 
England Deaconess Hospital by Drs. Maini and Blackburn 
in our department certainly confirm the observations which you 
have just heard reported so convincingly. I will not reiterate all 
the areas in which we are in agreement with Dr. Griffen and 
his colleagues, but I would like to emphasize three points. 

First, the apparent advantage of the intestinal bypass in 
achieving greater weight loss is illusory, inasmuch as the amount 
of fat loss is nearly identical in the two procedures, and the 
excess recorded weight loss following intestinal bypass is due to 
associated depletion of lean body mass, as measured in our 
metabolic unit. Obviously, this is a metabolically undesirable side 
effect which occurs minimally after gastric bypass. 

Secondly, the gastric bypass is unquestionably, as has been 
pointed out, a more difficult technical procedure. Anastomotic 
complications have been reported repeatedly; but we have felt 
that these are due mainly to the ischemia of the small gastric 
pouch. 

(Slide) In order to achieve the mobility of the fundus, it is 
necessary to divide the vasa brevia, as everyone has pointed out, 
and vascularization of the pouch depends on the terminal branches 
of the left gastric artery. This vessel must not be ligated near its 
origin, and beyond that, careful dissection is essential in order to 
preserve not only the ascending esophageal artery, but the few distal 
branches near the point of transection of the stomach. If this 
blood supply can be preserved, I think a lot of the problems with 
anastomotic leaks due to ischemia of the gastric remnant may be 
negated. 

Thirdly, I thirk it's important to emphasize the importance of 
in-hospital preparation. Starvation and parenteral protein sparing, 
improved ventilatory function and reduction in arterial Pco, in 
patients with the Pickwickian syndrome will obviate some of the 
life-threatening postoperative problems, and, certainly, we have 
found, is well worth the time. 

On reading the abstract, I was going to ask the authors if 
they had any experience with the use of a Roux-en-Y anastomosis, 
which I suspect will obviate some of the unpleasant problems of 
reflux, which everyone has seen, but they have already answered 
that question very satisfactorily. I think it probably is an im- 
provement in the over-all function of the operation. 


Dr. LLovp D. MACLEAN (Montreal, Quebec): Dr. Ward Griffen 
has brought an important study to us, and I think he has shown 
that it is possible to get satisfactory results with both these pro- 
cedures. He is favoring the gastric bypass at this time. 

I wonder if he would agree with us that, what determines an 
excellent result may not, in fact, have been controlled in this type 
of study; that is, intelligence of the patient, family support, in- 
come, and motivation to succeed, no addiction to other than over- 
eating, and, particularly important, the change in dietary habits 
after intestinal bypass, which has occurred in the majority of our 
patients, when this has been carefully quantitated. 

(Slide) I really wish to say a word about liver failure. We have 
followed our patients extremely carefully after intestinal bypass 
for this complication, and when a patient is losing, as in this 
patient, from 175 kg in a nine-month period down to 136 kg, this 
is more than twelve pounds a month, and we’re worried about this 
sort of patient, and admit him to the hospital. 

Approximately one week before we had planned his admission 
for this type of body composition study, he started to lose his 
appetite for proteins and fats, and was existing on carbohy- 
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drates. You will notice that his body cell mass, prior to bypass 
showed he was a normal man inside a huge fat envelope, with a 
normal exchangeable sodium/potassium ratio here of 0.97. Nine 
months later he is in real trouble from nutritional deficit, with 
this ratio having jumped up to 1.61, and a contraction of the 
body cell mass space here. 

We took him off all oral intake, because we've found that if the 
patient continues to eat carbohydrates at that time, it delays therapy 
while in the hospital. With nothing by mouth, and not on total 
parenteral nutrition, but on five per cent casein hydrolysate only, 
90 gm of protein a day, the patient recovered symptomatically, 
and on measurement of body composition within nine days. You 
can see that his sodium/potassium ratio had returned to normal in 
that short period, which surprised us. We have treated four other 
patients, similarly with success. 

This man had another relapse about six weeks later, but since 
then, two years later now, he's completely well, and we look upon 
this as an important part of the follow-up, i.e., the measurement 
of body cell mass. 

(Slide) This shows his serum on the day of admission, when he 
was in difficulty. This was his translucent serum here, and this was 
on the ninth day, showing the milky serum. His liver function 
was abnormal. 

A liver biopsy done at this point showed, biochemically, a 
massive increase in fat over normal. Biochemically, at this 
point, he showed tremendous mobilization of fat, not all that ob- 
vious under the microscope, however. And we look upon a bio- 
chemical analysis as being much more important, to follow this. His 
liver function had improved by the ninth day also. 

I'd like to ask three questions. Could you speculate, Dr. Griffen, 
on what might be the late nutritional hazard of gastric bypass? 
We've all seen patients with high subtotal gastrectomy who didn't 
do all that well five years later, and were in nutritional difficulty. 

Secondly, would you agree that a review at this particular time 
adversely represents the intestinal bypass group, because it is in the 
first year to 18 months they are worst? And do you agree that 
intractable diarrhea is much commoner in the end-to-end, 
versus the end-to-side, operation? 

We have not seen intractable diarrhea in the varieties of end- 
to-side operation, and do the end-to-side now exclusively. 


Dr. Jonn HALVERSON (St. Louis, Missouri): The follow-up is 
short in this study, but I certainly think the study does demon- 
strate that gastric bypass may well be safer than jejunoileal 
bypass for treating morbidly obese patients. 

The mortality rates are not different, but the incidence of 
serious metabolic problems requiring medication, as well as the 
incidence of hepatic deterioration, are certainly less after gastric 
bypass. 

In St. Louis we have similar data supporting Dr. Griffen's 
work with the j.i. bypass. At Washington University we have a. 
series of 101 j.i. bypass patients, most of whom had a modifica- 
tion of the Scott procedure. We had no in-hospital deaths, five 
late deaths, and numerous late complications, including an incidence 
of cholelithiasis three to four times the expected rate for obese 
patients in that age group within the first eighteen months 
postoperatively. 

We also had six patients develop liver failure (six out of 101) and 
one third of our patients developed hepatic fibrosis postoperatively. 

In contrast to Dr. Griffen's experience, we found it necessary 
to restore intestinal continuity, or reverse the operation, in 21% of 
our patients. This difference may be due in part to our longer 
follow-up, which currently is at a mean of just over four years. 

Liver dysfunction and electrolyte imbalance in the late post- 
operative period accounted for about half of the reversals. Debilitat- 
ing weakness, severe abdominal pain, protracted emesis, and tuber- 
culosis were the principal reasons for reversal in a smaller 
number. 

Renal failure due to urinary tract stones and/or renal parenchy- 
mal oxalosis is being reported with increasing frequency, and 


we have had to reverse two patients in this category. We are "Y 
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increasingly concerned about the continuing risk of renal deteriora- 
tion in j.i. bypass patients after the initial couple of years post- 
operatively. 

We can also confirm Dr. Griffen's comparatively better results 
after gastric bypass. (Slide) Dr. Cesar Gomez in St. Louis 
reviewed his series of 173 bypass patients, and had only one 
death and very few serious postoperative problems. In contrast 
to Dr. Griffen's series, however, transient nausea and vomiting 
occurred in nearly all the patients, almost always associated 
with overeating. 

Significantly, no patients had metabolic problems, or severe 
dumping or diarrhea that was severe, and, as reported in the 
literature, the incidence of marginal ulceration was low. 

(Slide) To emphasize our disenchantment with the jejuno- 
ileal bypass, I'd like to show a final slide in summary. 
I have already mentioned the five deaths we had, and the 21% 
reversal rate. In addition, 5876 of our series either died, required 
reversal, had life-threatening complications, such as urinary calculi, 
or hepatic fibrosis, or required a major reoperation at some 
time following the j.i. bypass. 

It is our hope that data such as those coming from Dr. 
Griffen's study will help us to more accurately assess the com- 
parative value of these two operations; I’m afraid at this time 
we would have to come down, certainly, against the j.i. bypass, on 
the basis of our own experience. 

One question to Dr. Griffen, to perhaps add to what Dr. 
MacLean has already asked him, in regard to nutritional prob- 
lems. Do you think we might also see osteomalacia in the 
gastric bypass patients, late on, and, perhaps even later, see 
excessive weight loss? That's not been the trend thus far, but 
I don't think anyone has, perhaps, complete enough data to 
assess that at the present time. 


DR. JoHN WILLIAM BRAASCH (Boston, Massachusetts): The ulti- 
mate and crucial evaluation of any series of operative proce- 
dures for weight loss is the long-term follow-up. An arm of this is 
the longevity, and everybody recognizes that these operations have 
not been followed long enough to get information on this point. 

The other arm of this evaluation should be the social adjust- 
ment to real life of these patients. We have a very modest 
series of patients with jejunal bypasses (about 37), but we applied 
several yardsticks to measure their adjustment. One was economic. 
One was the family adjustment. One was an evaluation of general 
health and, lastly, one was a "*happiness evaluation". . 

Now, this is the type of information you can't put on a slide 
to show the Ámerican Surgical Association, but this is the way we 
chose to evaluate our patients. We concluded that in these 37 cases 
of jejunoileal bypass, less than 50% showed an improvement in these 
very vital categories. Based on this, we have made a judgment to 
discontinue the operation, and we are now doing gastric bypasses 
in selected patients. 


Dr. Warp O. GRIFFEN, JR. (Closing discussion): There is no 
question that there is a definite learning curve to the per- 
formance of the gastric bypass. And specifically to answer Dr. 
Buchwald's question about whether patients can overeat this 
operation, they cannot overeat it if it is done correctly. That 
means a small pouch which, as Dr. Jewell is doing in his series, 
for example, can be quantitated by measuring the actual amount of 
fluid that the residual pouch will hold, and insist that the pouch 
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be only as large as 60 ml of fluid. In addition, the anastomosis 
cannot be any larger than 1.2 cm in diameter. 

The very first patient that I did a gastric bypass on only lost about 
ten kilograms over the first three months. He was a man who could 
eat ten Big Mac's ata sitting. When he went for three months without 
losing any weight I asked him what was going on and he got a big 
smile on his face and said that he could now eat three Big Mac's 
at a sitting. So that if you don't do it right, you can overeat it, 
but if you do it correctly, I think that it will work. 

I appreciate Dr. McDermott's remarks, particularly about the 
anatomy. You do have to preserve the left gastric as the blood 
supply to the gastric pouch. The modification which Dr. Mason 
presented is interesting, and I will await to see what happens, 
because I wonder if that suture line might not pull out if these 
people start overeating, since you simply have a suture line across 
the stomach. Obviously, if it does pull out, then the whole stomach 
will be available as a reservoir again. 

There is no question that the gastric bypass patients do not lose 
the lean body mass that the jejuno-ileal patients do, and I think 
that is the key to the difference in the weight loss. I would 
agree with Dr. Buchwald that we do have to continue to watch these 
patients. I perhaps didn't stress it: These patients have been operated 
on since January of 1974, so we have some patients going back as 
long as three years, and we have followed these patients extremely 
carefully. 

The one patient in the jejuno-ileal group who died of liver disease 
did so with my insisting that it be put back together again and 
his refusal to do so. 

In answer to Dr. MacLean's specific question, as you know, it is 
true that patients who have gastric procedures for duodenal ulcers 
often have difficulty gaining weight. However, the fat patient with 
duodenal ulcer doesn't seem to have that problem, and we 
haven't been aware of patients who have continued to lose 
weight down to a point of malnutrition. In fact, I have yet to see 
one of these obese patients who are, indeed, malnourished. 

With regard to reviewing, whether this is too early to review 
them, yes, I think it probably is for the entire group. In fact, 
Ihave often compared these patients to transplant patients. It takes 
them about six months to a year to settle down, with changing 
of medications, with diet changes, with accommodation to their 
diarrhea, etc. But once they have settled down, they actually 
seem to do very well in both groups, and that's why I'm not 
coming down as hard on the jejuno-ileal bypass as some others 
would. 

The intractability of the diarrhea is such that many of these pa- 
tients do need to be on medication, and I do think that there are 
some advantages to the gastric bypass in addition to the metabolic 
ones. Those include patients who are not smart enough to take their 
medications properly, and it also includes the young patient. It has 
been shown by Dr. Grosfeld in Indianapolis that the young 
animal cannot tolerate a jejuno-ileal bypass procedure. It does inter- 
fere with their growth pattern. The same has not been shown with 
the gastric bypass, although we have not done any gastric by- 
passes on children at the present time. I appreciate the remarks of 
Dr. Halverson, essentially supporting the conclusions drawn here. 

And, Dr. Braasch, I have yet to have a single patient in either 
group tell me that they were unhappy about the operation. In fact, 
I have asked every patient, are they sorry now that they went 
through the operation and the postoperative complications, and 
they all insist that they would do it over again if it were pre- 
sented to them a second time. 


Proximal Gastric Vagotomy Compared with Vagotomy and 
Antrectomy and Selective Gastric Vagotomy and 


Pyloroplasty 


JOHN L. SAWYERS, M.D., J. L. HERRINGTON, JR., M.D., D. PATRICK BURNEY, M.D. 


A prospective, randomized study of proximal gastric vagotomy 
without drainage (PGV) was done in 174 adult men with 
chronic duodenal ulcer intractable to medical therapy. PGV 
was randomized against truncal vagotomy with antrectomy 
(TV + A) and against selective gastric vagotomy with Finney 
pyloroplasty (SGV + P). Postgastrectomy sequelae (dumping, 
diarrhea and reflux gastritis) were less after PGV. One patient 
after PGV developed a recurrent ulcer as did one patient after 
SGV + P. Two patients developed gastric ulcers after PGV. 
Good to excellent results (Visick I and IT) were obtained in 96% 
of patients with PGV, 94% with TV + A and 86% with 
SGV + P. Follow-up studies were from six months to four 
years. 


ROXIMAL GASTRIC VAGOTOMY without drainage is 

being used with increasing frequency in the surgi- 
cal treatment of duodenal ulcer disease, but few 
prospective randomized studies have been done com- 
paring this new operation with more established proce- 
dures.” This study was designed to evaluate proximal 
gastric vagotomy without drainage as a practical 
alternative to two accepted operations (truncal 
vagotomy-antrectomy and selective gastric vagotomy- 
pyloroplasty) in the surgical treatment of duodenal 
ulcer. 


Materials and Methods 
Patient Selection 


Only adult men with chronic duodenal ulcer intract- 
able to medical therapy were admitted to the study. 
Patients may have had bleeding episodes from their 
duodenal ulcer in the past but were not considered for 
this study if active bleeding required emergency 
operation. Patients with acute perforation of a duodenal 
ulcer were also excluded as were patients with pyloric 
obstruction. 
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Patients had to be suitable candidates for either 
operation. Cards randomized by the biostatistical de- 
partment and sealed in an envelope were used to 
determine the type of operation. Only after the patient's 
abdominal cavity had been explored and the surgeon 
decided that there was no contraindication to either 
operation, was the envelope opened. The patients were 
informed before operation that their surgical procedure 
would be randomized. This study was approved by the 
University's Human Rights Committee. 

A total of 174 patients have been entered into the 
study which began four years ago. One hundred pa- 
tients were randomized by JLH, Jr. into a trial of 
proximal gastric vagotomy (PGV) vs. truncal vagotomy- 
antrectomy (TV + A), and 74 patients were random- 
ized by JLS into the trial of PGV vs. selective gastric 
vagotomy-pyloroplasty (SGV + P). Follow-up evalu- 
ation which was obtained on all 173 surviving patients 
extends from a minimum of six months up to four years 
(Table 1). 


Operative Technic 


Proximal gastric vagotomy was based on the opera- 
tive technic described by Johnston and Wilkinson’ 
and Goligher. To maintain a practical surgical ap- 
proach, no intraoperative test was made to determine 
the completeness of vagotomy. The antral-parietal cell 
border was determined anatomically by the entrance of 
the branches of the anterior nerve of Latarjet onto the 
gastric antrum (Crow’s foot). This site was usually 
seven centimeters proximal to the pylorus. The anterior 
vagal trunk was encircled with a soft rubber tube 
(vesseloop) for identification purposes. The gastro- 
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TABLE 1. Length of Follow-up 











No. Pts. % 

3—4 Years 60 G5 

2—3 Years 47 (27) 

1-2 Years 39 (22) 

6 Months-1 Year 27 (16) 
173 


Follow-up studies extending from 6 months to 4 years were 
obtained on the 173 surviving patients. 


hepatic omentum was opened between the hepatic 
vagal branches and the nerves of Latarjet (Fig. 1). 
Denervation of the stomach was begun by detaching 
the anterior leaf of the lesser omentum from the 
stomach starting just above the insertion of the anterior 
' nerve of Latarjet onto the antrum and continued 
cephalad to the esophagogastric junction and crossing 
over the anterior wall of the esophagus (Fig. 2). After 
completing the anterior part of the dissection, the 
posterior leaf of the lesser omentum was detached from 
the lesser curvature of the stomach (Fig. 3). The dis- 
section was then carried cephalad to a point at 
least five centimeters above the esophagogastric junc- 
tion in order to divide any vagal branches to the 
fundus of the stomach (Grassi's criminal nerve*). A 
superficial incision was made around the lower end of 
the esophgus to divide the fine longitudinal nerve 
fibrils that run distally to the proximal cardia (Fig. 4). 
After completion of the proximal gastric vagotomy, the 
bare area on the lesser curvature of the stomach was 
closed by suturing the cut edges of the peritoneum 
together (Fig. 5). No pyloroplasty or other drainage 
procedure was added. 

Selective gastric vagotomy technic was performed as 
described by Griffith.’ The hepatic and celiac vagal 
' branches remain intact but all vagal fibers to the 

stomach were divided. The dissection extended 

cephalad above the esophagogastric junction for five 
centimeters as performed in the technic for proximal 
gastric vagotomy. A Finney pyloroplasty was per- 
formed in all patients after selective gastric vagotomy 

` in order to maintain a uniform drainage procedure for 
all patients. 

The technic of truncal vagotomy and antrectomy has 
been previously described by us. A two centimeter 
segment of both the anterior and posterior vagal trunk 
was excised. After removal of the antrum, gastro- 
intestinal continuity was reestablished by the Schoe- 
maker modification of the Billroth I gastroduo- 
denostomy. 


Results 


There was no operative mortality in the trial of pa- 
tients undergoing PGV vs. SGV + P, but one patient 
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Fic. 1. Technic of proximal gastric vagotomy. The anterior 
vagal trunk is encircled with a soft rubber tube for identification. 
The lesser omentum is opened distal to the hepatic vagal branch and 
medial to the anterior nerve of Latarjet. The antral-parietal cell 
border is determined by the entrance of the branches of the anterior 
nerve of Latarjet onto the gastric antrum (crow’s foot) which is 
usually seven centimeters proximal to the pylorus. 





A 


Fic. 2. Denervation of the stomach is begun by separating the 
anterior leaf of the lesser omentum. Dissection is started just 
above the ‘‘crow’s foot" and continued cephalad to the esophago- 
gastric junction and across the anterior wall of the esophagus. 
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Fic. 3. The posterior leaf of the lesser curvature is detached from 
the stomach beginning just above the "'crow's foot.” Gentle 
traction on a tape passed around both the anterior and posterior 
nerves of La:arjet aids in this dissection. 
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Fic. 4. Dissection is continued cephalad and completely around the 
esophagus for at least five centimeters above the esophago- 
gastric junction. A superficial, circumferential incision of the lower 
esophagus is done to divide the fine longitudinal nerve fibrils that 
run distially to the proximal cardia. 
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Fic. 5. The bare area on the lesser curvature is closed by 
suturing the cut edges of the peritoneum together. No drainage 
procedure is added. 


died of a pulmonary embolus on the fifth post- 
operative day after PGV in the group undergoing PGV 
vs. TV + A. No other patient in either group had a sus- 
pected or proven pulmonary embolus or any other 
significant pulmonary or cardiac complication during 
the hospital stay. Three minor wound infections oc- 
curred. One patient after TV + A developed persistent 
Obstruction at the gastroduodenal anastomosis and 
later required a gastrojejunostomy for relief. Epigastric 
fullness and early satiety occurred in 15 patients (17%) ^ 
who had PGV, but no patient required reoperation. 
This complication usually disappeared within two 
weeks after operation. Mortality and morbidity results 
are listed in Table 2. 

All patients have been followed by clinical evalua- 
tion at regular intervals. Results have been tabulated 
by the Visick classification with Visick I being an 
excellent result indicating that the patient is in excellent 
nutritional condition and has no symptoms whatsoever 
referable to the gastrointestinal tract. Visick ILis a good 
result indicating that the patient has excellent gastro- 
intestinal function with no ulcer symptoms and is in a 
good state of nutrition but occasionally develops 
epigastric fullness, mild dumping symptoms or oc- 
casional bouts of diarrhea. Visick IIY is a fair result 
indicating that the patient has obtained benefit from 
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TABLE 2. Mortality and Morbidity 








PGV vs. TV+A PGV vs. SGV +P 
Operative mortality 1 0 0 0 
Wound infection 1 2 0 0 
Outlet obstruction 0 1 0 0 


Significant hospital complications in the 174 patients entered 
into the trial. 


the operation and is without residual ulcer symptoms 
but abdominal fullness, postprandial or moderate 
dumping symptoms are prominent sequelae. Visick IV 
is a poor result, and includes patients with recurrent 
ulcer, nutritional difficulties and postgastrectomy 
symptoms severe enough to interfere with regular em- 
ployment. 

Grading of the PGV vs. SGV + P patient's overall 
clinical evaluation was done by a surgeon who has a 
special interest in gastrointestinal diseases and who was 
unaware of the type of operation that the patient had 
received. However, a different physician evaluated the 
PGV vs. TV + A patients. For this reason the two 
groups of patients are considered separately. Results 
are shown in Table 3. There is a statistically 
significant difference between patients graded Visick I 
in the PGV vs. TV + A patients. No other significant 
difference exists in the overall clinical results according 
to our biostatistician. The total number of patients 
undergoing PGV (86) have been graded according to 
overall clinical result and listed in Table 4. Satisfac- 
tory results (Visick I and II) were obtained in 96% 
of these patients. This is not significantly different 
from the number of patients with satisfactory results 
after TV + A or SGV + P. 


_ Postgastrectomy Sequelae 


The postgastrectomy sequelae are shown in Table 
5. A significant difference occurred in the inci- 
dence of dumping in both groups, being higher after 
both TV +A and SGV + P as compared to PGV. 
Diarrhea was significantly less after PGV than TV + A, 
but was not different from patients having SGV + P. 
Nine patients (18%) developed diarrhea after TV + A. 
Diarrhea was mild to moderate in all but one patient 
who has severe diarrhea despite frequent medication. 
This patient has lost 13.6 kg in weight. 

The two patients with severe reflux gastritis after 
TV + A have undergone Roux-en-Y diversion. These 
two patients and the TV +A patient with severe 
postoperative diarrhea are considered poor results 
(Visick IV), but no recurrent ulcer has occurred in the 
TV + A patients. 
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TABLE 3. Overall Clinical Evaluation 
PGV vs. TV+A PGV vs.SGV+P 
Visick I 42 (86%) 28 (S6%)* 29 (78%) 27 (73%) 
Visick H 5 (10%) 19 (38%) 6 (16%) 4 (11%) 
Visick IH 0 0 1 (390) 5 (13%) 
Visick IV 2 (4%) 3 (696) I (398) 1 (395) 
Total # Pts. 49 50 37 37 


* Significant difference, P < 0.01. 


Table 6 lists postgastrectomy problems in all pa- 
tients who had PGV. Dumping, diarrhea and reflux 
gastritis were significantly lower (p « 0.005) after PGV 
than after the other two operations. 

Anemia and weight loss have not been problems in 
these patients regardless of their operative procedure 
except for the one patient who has severe diarrhea 
after TV + A. 


Recurrent Ulcer 


Evaluation after operation to determine recurrent 
ulcer disease included a careful history and physical 
examination, hemogram, stool guaiac, and upper 
gastrointestinal radiological examination for all pa- 
tients. About 75% of the PGV vs. SGV + P patients 
also had gastroscopy done one to two years after opera- 
tion. Endoscopy was done after operation in the PGV 
vs. TV + A patients only if they were symptomatic. 

Recurrent duodenal ulcer developed in two patients. 
Both patients were in the PGV vs. SGV + P trial. One 
patient in each group developed a recurrent ulcer which 
was visualized by endoscopy. Neither patient has 
undergone reoperation (Table 7). 

The patient with a duodenal ulcer after SGV + P 
developed symptoms of recurrent ulcer disease one 
year after operation. He was taking aspirin. for 
arthritis. Gastric analysis revealed a basal acid secre- 
tion of 2.7 mEg/hr. and a negative Hollander test. A 
duodenal ulcer was seen by the endoscopist. Serum 
gastrin was normal. After discontinuing his aspirin, the 
patient's symptoms improved. Repeat basal acid out- 
put studies were 1.8 and 0.5 mEg/hr. with MAO of 
10.4 and 18.3 mEq/hr. The patient has been followed 
now for three years and complains only of occasional 
fullness. Repeat endoscopy has been done annually 


TABLE 4. Clinical Results in 86 Patients After PGV 





Visick I 71 (83%) 

Visick II 11 (139%) | 099 
Visick III 1 (1%) 

Visick IV 3 (3%) 
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TABLE 5. Postgastrectomy Sequelae 








PGV ve TV+A PGV ux SGV +P 

(49) ^7" (50) 37) " (37) 
Dumping 0 11 (22%)* 1 (396) 8 (22%)* 
Diarrhea 1 (296) 9 (18%)* 0 1 (396) 
Reflux gastritis 0 2 (4%) 1 G%) 2 (5%) 
Epigastric fullness 4 (8%) 0 3 (8%) 3 (8%) 





* Significant difference, P < 0.05. 


with no evidence of recurrent ulcer seen on the last 
two examinations. 

The patient who developed a recurrent ulcer after 
PGV did well for about 18 months when symptoms 
developed. Gastroscopy revealed a pyloric channel 
ulcer. Gastric analysis results were BAO 0.6, MAO 
11.7; PAO 13.4 mEq/hr. Serum gastrin was normal. 
Hollander test was positive with a late rise. The pa- 
tient has been followed three and one half years since 
his proximal gastric vagotomy. He is imiproved on 
antacid therapy. F 

Two patients in the PGV vs. TV + A study devel- 
oped a gastric ulcer after PGV ahd were graded as 
Visick IV (poor result). Antrectomy was done in one 
patient, but the other is being managed successfully by 
diet and antacids. 

The 23-year-old patient who uriderwent antrectomy 
developed a three millimeter superficial gastric ulcer 
near the angle on the lesser curve eight months after 
PGV for a duodenal ulcer. There was no evidence of 
gastric stasis. The duodenal ulcer remained healed by 
gastroscopy. Because his symptoms persisted for a 
month, antrectomy with gastroduodenostomy was 
done. The excised specimen revealed scarring but no 
ulceration in the duodenum and a benign gastric 
ulcer (0.7 x 0.2 cm) on the lesser curvator of the 
antrum. He has remained well for the two years since 
his second operation. 

The second patient, a 67-year-old male, had symp- 
toms of duodenal ulcer disease for 18 years prior to 
PGV. He also had chronic renal disease, cirrhosis, re- 
current pancreatitis and benign prostatic hypertrophy. 
His preoperative gastroscopy revealed a gastric ulcer 
on the lesser curve as well as a duodenal ulcer. 
Serum gastrin levels were normal. At operation there 
was thickening along the lesser curve area at the 


TABLE 6. Postgastrectomy Sequelae in 86 Patients After PGV 





Dumping 1 (1%) 
Diarrhea 1 (196) 
Reflux gastritis 1 (196) 
Epigastric fullness 7 (896) 








Dumping, diarrhea and reflux gastritis are significantly lower 
after PGV as compared to TV + A and SGV +P. 
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TABLE 7. Ulcer Recurrence 





PGV vs. TV- A PGV vs. SGV + P 





Duodenal ulcer 0 0 i 1 
Gastric ulcer 2 0 0 0 





angularis but no palpable ulcer crater. A posterior 
wall duodenal ulcer crater could be felt, and 
marked deformity of the duodenal bulb was noted. 
Since his PGV operation, gastroscopy on several oc- 
casions has shown that the duodenal ulcer has remained 
healed but the gastric ulcer has recurred, healed and 
recurred intermittently in the past 18 months. No 
gastric stasis is seen on rádiological examination. 


Gastric Analysis 


Gastric analysis studies could not be obtained rou- 
tinely after operation in the PGV vs. TV + A patients, - 
but were obtained before operation, and after operation 
at intervals of seven to 14 days, three to six 
inonths, and one to two years in most of the PGV vs. 
SGV - P patients. There was no significant difference 
in the per cent reduction of BAO, MAO or PAO 
following PGV vs. SGV + P. Thirty per cent of the 
PGV patients have developed a positive Hollander test 
one to two years after operation (Table 8). 


Discussion. 


Vagal denervation of the acid secreting fundic gland 
areà of the stomach with preservation of an intact 
antral-pyloric mechanism was reported by Griffith and 
Harkins in 1957,° but the operation was done only in 
experimental animals. Holle and Hart? first performed 
proximal gastric vagotomy in man, but added a drain- . 
age procedure. Proximal gastric vagotomy without 
drainage was first reported independently by Amdrup 
and Jensen? and Johnston and Wilkinson" in 1970. 

The advantages of proximal gastric vagotomy with- 
out drainage (PGV) over other operations for duodenal 
ulcer have been detailed by Jordan.” These included: 
1) near normal gastric emptying, 2) preservation of 
inhibitory effects on acid secretion mediated via the 
extragastric and antral nerves, 3) an intact, functioning 


TABLE 8. Gastric Acid Secretion 








PGV vs. SGV+P 
% Reduction BAO 7566 8696 
Positive Hollander Test 
7—14 Days P.O. 696 0 
1-2 Years P.O. 30% 5% 








BAO—-Basal Acid Output. 
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pylorus which will reduce gastric reflux, and 4) preser- 
vation of duodenal innervation to permit normal release 
of duodenal hormones. 

PGV has been enthusiastically adopted in many 
surgical centers in the past seven years. Johnston! has 
collected data on 5,539 patients undergoing PGV as an 
elective operation for duodenal ulcer. The mortality 
rate was 0.396. Since the operation does not require 
opening the gastrointestinal tract, it is considered safer 
than any other operation currently used for duodenal 
ulcer. The most serious reported abdominal complica- 
tion has been necrosis of the lesser curvature, and oc- 
curred in ten of the 5,539 patients. We have not en- 
countered this problem in our patients. 

Several surgical clinics have reported their clinical 
experience with PGV. Results of six retrospective 
studies have been tabulated by Amdrup.! The patient 
follow-up on 1,869 patients ranged from six months to 
seven years. The ulcer recurrence rate was between 
one to nine per cent. Dumping occurred in 0.4 to seven 
per cent, and diarrhea (mild) in zero to two per cent of 
patients. 

Goligher? has recently reviewed his experience with 
306 men undergoing PGV for duodenal ulcer. There 
was no operative mortality. With follow-up studies to 
seven years, the proven ulcer recurrence rate was two 
per cent. An additional three per cent of the patients 
have been suspected of having a recurrent ulcer. The 
Visick I and II grading (81%) is higher after PGV than 
after other operations used by Goligher for duodenal 
ulcer. The side effects of dumping, bile vomiting and 
diarrhea are less after PGV. 

Several prospective studies randomizing PGV with 
other duodenal ulcer operations are currently being 
done. These studies have been summarized by Jordan” 
and Amdrup.! Most of these trials have involved ap- 

“proximately 100 patients. The mean follow-up is about 

two years. All studies are in agreement that PGV is 
accompanied by a very low mortality rate and few 
gastric side effects. 

The unanswered question with PGV is the opera- 
tion's long-term effectiveness in controlling the ulcer 
diathesis. High ulcer recurrence rates after PGV were 
reported initially by Kronborg? and Hallenbeck.? After 
altering their operative technic to extend the dissection 
cephalad five to seven centimeters above the esophago- 
gastric junction to clear the lower esophagus of nerves 
and other tissue, these surgeons reported a lowerrate of 
recurrent ulceration. 


DISCUSSION 


PROFESSOR S. HEDENSTEDT (Stockholm, Sweden): Very few, 
. as you told us, randomized studies have been done comparing this 
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Our prospective study comparing PGV with TV + A 
and SGV + P indicates that PGV is an effective opera- 
tion for controlling intractable duodenal ulcer disease 
in man. The overall clinical evaluation showed a signifi- 
cantly higher percentage of patients with excellent 
results (Visick I) after PGV than after TV + A. Dump- 
ing is significantly less after PGV than after either 
TV + Aor SGV + P. Diarrhea is significantly less after 
PGV than TV + A. The duodenal ulcer recurrence rate 
has not been excessive (one recurrence in 86 PGV 
patients or 1.2%) with follow-up studies from six 
months to four years. Two other patients developed 
gastric ulceration after PGV. l 

PGV desires continued evaluation by surgeons in- 
terested in duodenal ulcer disease. Long-term follow- 
up studies are needed to determine the ulcer recurrence 
rate. 
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new operation with more established procedures. PGV, or, as we 
prefer to call it, selective proximal vagotomy, SPV, because SPV 
is the saving pylorous vagotomy. You can translate it. 

Your randomized studies confirm our results in Sweden. We 
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have performed, without randomizing, elective routinely, 600 cases 
in my hospital in Stockholm since August, 1968. It is more than 
eight years now. 

We also believe that SPV without drainage is the safest opera- 
tion now for duodenal ulcer. We have a very low mortality, and 
only very mild postoperative complaints of no clinical importance, 
compared with the classical stomach operations. 

We have no mortality in our uncomplicated 500 cases of duodenal 
ulcer, and we have also done SPV in 50 gastric ulcers, 50 acute, 
bleeding ulcers, and 12 perforated ulcers. In the group with bleed- 
ing ulcer’s mortality was eight persons. 

We have about the same over-all results as the Nashville group; 
about 90% are classified as Grade 1 and 2, excellent and good. Also, 
our technique is identical with Dr. Sawyers’. 

(Slide) We don’t use any intraoperative tests except, sometimes, 
Lueco-methylene blue test, to identify small vagal branches. I 
have tried, as you see on this picture, to standardize SPV in 
nine steps. We are very careful in our denervation around the 
esophagus, and we also, as we heard, divide the longitudinal 
muscle layer in the esophagus wall, protecting intramural small 
vagal branches. 

Step 8 in this picture is dividing the ascending small vagal 
branches running from the crow’s foot in proximal direction. 

Step 9 is a questionable step recommended by Rosati in Florence, 
Italy who emphasizes that following the right epiploic gastric artery 
in the major curvature there is a cholinergic, preganglionic, vagal 
branch which must be dissected to have a complete vagotomy. 

(Slide) We also believe, as we have heard, that all the suturing 
of the minor curvature is very important for the vascularization, 
to avoid necrosis, described in the literature, of the stomach wall. 
We have not seen such necrosis, but I think there are a dozen in- 
stances described in the literature. 

(Slide) Finally, I'd like here to demonstrate our five- to seven- 
year follow-up. You see a good reduction of the basal stimulated 
acid output. The reduction you see there in per cent, two months, 
one year, three years, five to seven years after SPV. The reduction 
is still good after five years, but there is a clear, significant 
tendency of increased acid output with time, especially the basal 
acid, and the insulin-stimulated acids are increasing after five to 
seven years. 

We do not know what happens with time, but so far we have not 
seen any increased recurrence rate correlated to the increased 
acid. Still the frequency is relatively low, about five per cent in 
the whole material, one per cent. 

I have only two or three questions to ask the Nashville group. 
In the instance of relative pylorostenosis, how do you avoid the 
pressures to perform the pyloroplasty? This is a problem some- 
times. Even in nearly complete stenosis we avoid pyloroplasty. 

The second question: What do you believe is the reason for 
increased acid with time? What is your opinion about that? 

Then you haven't told us about intraoperative complications. 
We had one per cent esophagus rupture; one per cent spleen rupture. 
And these cases were repaired, with no mortality, and no more 
complications. Have you seen such complications? 


Dn. JAMES CHARLES THOMPSON (Galveston, Texas): The ques- 
tion is whether or not the new millennium has arrived, and it will 
take us about that long to find out, probably, because what we're 
really afraid of is recurrent, rising acid secretion. The report of 
David Johnston of a 9096 positive Hollander at four years is frighten- 
ing, although in his series there were no recurrences in that same 
group of patients. 

Technique is absolutely vital in this case, as anyone who has tried 
it knows. Our residents say it's an operation designed by an 
internist; that there is a fair amount of nit-picking about it, and there's 
no great amount of cutting. It's just not as much fun. And they 
think that it's sort of boring; it must be done in a very meticulous 
fashion. ‘ 

We have concerns about the operative technique. One of them 
is the business of cutting into the esophagus. That picture of yours 
scares me every time I see it and now I see that Dr. Hedenstedt 
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has one like it. Also, I think that we must extend our dissection 
well up onto the esophagus, as Professor Goligher has admonished 
for a long time, and as Dr. George Hallenbeck told us to do at this 
meeting last year. As you do that, you run into more and more 
chances of injuring the nerve of Latarjet, and if you do that, you may 
well have trouble with gastric emptying. It’s vital that the nerve to 
the antrum be preserved, if you are not going to do an emptying 
procedure. 

We have, incidentally, abandoned the use of the Hollander test, 
for a lot of reasons, but mainly because it's dangerous, and 
it doesn't supply you any information that you can't get from some 
other source. We're now doing a new type of measurement of acid 
secretion which is a technique of intragastric titration in which we 
measure the actual response to intragastric food. 

I think that if you are going to do selective proximal vagotomy, 
it's very important, particularly when you first start, that you do 
acid secretory studies to find out those patients in which you made 
errors in. 

My question is that the one, single catastrophe that's been re- 
ported with this operation is necrosis of the lesser curvature caused 
by its devascularization. I'd like to ask, first of all, if the authors 
have any experience with that; and secondly, if they do, whether it 
was associated with a splenectomy. I suspect that this is the problem. 
If you do do a splenectomy, then you're apt to be in trouble, be- 
cause you get rid of the collaterals from the vasa brevia, and then 
you're apt to have an ischemic lesser curvature. 

This is a well-constructed study that we absolutely need. I would 
hope that we are able to limit this procedure to places that are willing 
to do this, so that we'll be able, hopefully, to avoid those vicissitudes 
from changing fads in ulcer surgery that have so plagued us in the 
past. 


Dr. LLovp M. NvHus (Chicago, Illinois): The problem of gastric 
emptying: the team from Nashville did notice a significant number 
of patients with PGV's with early satiety. This is an important 
Observation, because we are ignorant, truly ignorant of the precise 
dissection at the ‘‘crow’s foot". If we don’t dissect far enough 
distally, we're not going to reduce acidity sufficiently. Contrariwise, 
if we cut too many nerves of Latarjet at the crow's foot, we may get 
gastric stasis. 

Now, the excellent results reported by our colleagues are proba- 
bly due to the fact that they did dissect well down upon the lesser 
curvature, thus ensuring good vagal denervation to the corpus and 
fundus. On the other hand, did they dissect too far, thereby cutting 
antral nerves, with the concomitant danger of stasis? Our techniques 
are very gross and imprecise. There is no way at present to know 
how far distally on the lesser curvature to cut, or where to stop short, 
to preserve these important antral nerves. 

The authors did have two patients who developed gastric ulcer 
after PGV. One of these patients had a gastric ulcer combined with 
duodenal ulcer. There is one contraindication to performance of 
PGV, in my estimation, and that is the presence of a gastric ulcer, 
whether it is de novo or in combination with a duodenal ulcer. At 
eight months after PGV, one patient developed a gastric ulcer. 
Could this complication have been due to excessive denervation of 
the antrum, as per my discussion above? 

The authors report a very low recurrent ulcer rate and they con- 
firm that this procedure can be performed with negligible mortality. 
What will be the long term results? This is totally unknown at the 
present. The authors have given to us a prospective, randomized 
study, we have pleaded for more of these. We congratulate them 
for same. We look forward to a much longer follow-up so that we 
can then equate this exciting new procedure with other operative 
approaches of known long-term quality. 


Dr. J. LyNwooD HERRINGTON, JR., (Closing discussion): Pro- 
fessor Hedenstedt, we are very grateful to you, sir, for your many 
contributions to duodenal ulcer disease, and particularly your contri- 
butions on this problem we're discussing today. Certainly, you are 
the one, as Dr. Sawyers stated, who really told us it was necessary to 
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take the nerve dissection high on the abdominal esophagus in order 
to do a complete parietal cell denervation. 

In addition to the study that Dr. Sawyers has presented, we have 
also operated upon about 25 patients with perforated ulcer, and have 
done proximal gastric vagotomy with no operative mortality. We 
have now operated on just a few patients with mild to moderate 
pyloric obstruction, where we passed a Maloney dilator down 
through the pylorus into the duodenum, and then carried out proxi- 
mal gastric vagotomy with good results. 

Professor Hedenstedt, we have not denervated the distal greater 
curve of the stomach and ligated the right gastroepiploic vessel, as 
have you and Professor Rosati. Also, we have had no perforation of 
the esophagus during our manipulation in this area. 

Dr. James Thompson, as you mentioned, Dr. David Johnston and 
others have found that over the long-range period approximately 9096 
of patients undergoing proximal gastric vagotomy will revert back to 
a positive Hollander test; but so far this has not been correlated 
with recurrent ulcer. The Hollander tests we no longer use, and you 
say you do not use it. We rely solely on a comparison of the pre 
and postoperative basal acid output and the peak output as a 
guide to completeness of proximal gastric vagotomy. It is distressing, 
however, to note that when these patients are given, in the postopera- 
tive period, a meal consisting of beef extract, the acid does rise. The 
acid does not rise with gastric selective vagotomy/pyloroplasty, 
and this certainly may be a cause of concem. 

We have not had necrosis or slough occur along the lesser gastric 
curve, I can’t help but believe that possibly the sloughs that have 
been reported have been due to inadvertent injury to the lesser 
curve with instrumentation which was overlooked. 

Dr. Nyhus, being the great gastric physiologist that you are, 
I am sure you recognize that with all three types of vagotomies, 
the patient will experience early satiety as the stomach loses its 
ability to accommodate to distension and undergo receptive relaxa- 
tion. Fortunately, in the vast majority of cases, this complication 
lasts from three to four weeks and then clears up. 

It is true that a surgeon should not take his dissection of the 
neurovascular bundles too far distally and denervate the proximal 
antrum. This will result in gastric stasis and an increase in acidity 
with possible gastric ulcer formation resulting. 

Dr. Nyhus, I disagree wholeheartedly with you when you say 
it is dangerous to circumscribe the distal esophagus as a final step 
in this operation. We use a very fine #15 knife blade and do the 
circumscription very lightly. 
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As everyone stresses, the unanswered problem at present with 
proximal gastric vagotomy is the likelihood of recurrent ulcer. In 
those centers where the operation is being done correctly the 
recurrence rate is two to five per cent over a follow-up now extend- 
ing from five to almost eight years. The recurrent ulcers with 
proximal gastric vagotomy are turning up rather soon within one to 
two years after operation and this has, likewise, been our ex- 
perience with truncal vagotomy/antrectomy. Thus far, I feel 
encouraged about the long-term ulcer recurrence rate. 

About all we can say is that our preliminary results are en- 
couraging and we are going to continue doing this operation on 
our service. We are also beginning to extend our indications and are 
performing proximal gastric vagotomy in selected cases of ulcer 
perforation, obstruction and bleeding. We have not used this for 
benign gastric ulcer; but Dr. Johnston has reported encouraging 
results in over 75 cases. Technical problems as can be encountered 
with large inflammatory ulcer along the lesser curve has been a 
contraindication in 1596 of his patients. 

I think the time has now arrived for other university centers, 
people like you in this audience, and those individuals engaged in 
Clinical practice with a deep interest in gastric surgery, to embark 
on this operation. I think, however, the procedure, in my opinion, 
should not be performed on a widespread basis throughout the 
country at the present time. A thorough knowledge of the detailed 
surgical anatomy is essential, and one must also be dedicated to 
following these patients and to report them at frequent intervals. 

(Slide) This slide shows the incorrect way to do the operation. 
This is the method that Kronborg was using when he reported a 22% 
recurrence rate. He was not taking the dissection high enough on 
the abdominal esophagus. He is now doing the operation better. 
His last report shows that his recurrence rate has been reduced to 
eight per cent. 

I think you all heard Dr. Hallenbeck's excellent paper last year, 
in which he reported a proven recurrent ulcer rate of 15% and a 
suspected recurrent ulcer rate of 12%. He then went back to Leeds 
and did the operation with Professor Goligher for several weeks. 
Then he cut down his recurrence rate appreciably for the next two 
years. 

(Slide) This is the way Dr. Sawyers and I do the operation. We 
skeletonize the lower five to seven centimeters of the esophagus 
and also circumscribe it. We feel that it is important. With this later 
step, one can visualize the small longitudinal nerve fibrils being 
disrupted in the esophageal wall. 


Substrate Interaction in Intravenous Feeding 


Comparative Effects of Carbohydrate and Fat on Amino Acid 


Utilization in Fasting Man 


BRUCE M. WOLFE, M.D.,* J. M. CULEBRAS, M.D.,t A. J. W. SIM, M.B.B.S.,f M. R. BALL, A.B.,§ AND F. D. MOORE, M.D.! 


Data are presented on the metabolic and endocrine effects 
of intravenous infusions in normal fasting man observed 
under. highly controlled conditions over a period of six to 
eight days duration. There are comparative data on a variety 
of intravenous feeding programs. The data on total starvation 
aré based on studies from the literature, some of which were 
carried out in this laboratory. The data on low dose 
glucose, high dose glucose, glycerol, fat emulsion, and amino 
acids, each given separately, demonstrate changes seen with 
simple infusion of a single substrate in fasting. These data are 
now compared with the utilization of amino acid infusions 
when accompanied by low dose glucose, high dose glucose, 
glycerol, and fat emulsion. In all, nine experimental intra- 
venous feeding programs are presented, based on data from 35 
subjects observed over a total of 370 subject-days. The findings 
show a strong interaction between glucose or lipid and protein 
metabolism. In fasting, glucose had protein sparing effect, most 
evident when given at high dose. Glycerol, in an amount equal 
fo that contained in 2000 ml of ten per cent fat emulsion, had 
a' mild protein sparing effect. Fat emulsion was no more ef- 
fective. When amino acids were given alone, normal fasting 
human subjects were always in negative nitrogen balance with 
the daily nitrogen loss half that seen in starvation alone. Al- 
though amino acids given alone have a protein sparing effect, 
this is accomplished only at the expense of a high nitrogen ex- 
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cretion including an amount equivalent to the entire infusion 
plus an additional loss from the body's native proteins. 

The provision of energy yielding non-protein substrates with 
the amino acids markedly improved nitrogen economy in the 
following order: glycerol, low dose glucose, fat emulsion and 
high dose glucose. When caloric provision with glucose ap- 
proached the isocaloric level for normal diet, the utilization 
of amino acids was maximized. When given with amino acids, 
fat emulsion was more effective than the available glycerol 
alone. 

The accompanying endocrine and biochemical changes sug- 
gest that the milieu for ideal utilization of infused amino acids 
is variable: ketones at low range (carbohydrate) or moder- 
ately elevated (fat emulsion); insulin elevated (carbohydrate) 
or unchanged (fat emulsion). The utilization of the infused 
amino acids was markedly improved in both endocrine settings, 
suggesting that it is the provision of energy as substrate as well 
as the endocrine setting that determines amino acid utilization. — 
There were other changes in plasma intermediates, particularly 
fatty acids, glucose and urea, all consistent with the concept 
that when amino acids are given without other substrates, the 
amino acids must be maximally utilized for gluconeogenesis. 
When other substrates are provided (particularly glucose at 
high dose) then this mandate no longer exists and protein 
synthesis from the amino acids is favored. 

Several of the plasma amino acid concentrations responded 
to glucose when added to amino acid infusion. Amino acids 
alone produced increases in concentration of all the amino acids 
found in the infusion with the exception of alanine, arginine, 
and threonine. Many of these increases were abated by the - 
addition of glucose to the amino acid infusion, suggest- 
ing an increased utilization rate. Glycerol and fat emul- 
sion, while modulating increases in the plasma amino acid 
concentration, did so to a lesser extent than did glucose. 
This lowering of amino acid concentration was unaccompanied 
by an increase in urinary excretion. The assumption is there- 
fore made that the provision of the added glucose favors 
the incorporation of amino acid into protein. There is no 
evidence from these data to suggest that a rising concentration _ 
of ketones in the blood favors amino acid utilization or protein 
synthesis. : 
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HE NUTRITIONAL RESPONSE to intravenous feeding 
T is determined in large part by two factors: sub- 
strate interaction and endocrine control. On both 
aspects of metabolism our current knowledge is in- 
complete. 

Substrate interaction is the biochemical interaction 
amongst the patient’s own body fuels (carbohydrate, 
fat, protein, their precursors and end-products) and the 
interplay amongst the infused substrates, as well as the 
effects of both on each other. 

By endocrine control is meant the effect of hormones 
on the utilization of body fuels, native or infused. 
This control may operate as a *"'set" or endocrine 
environment that is present prior to the infusion of sub- 
strates, or as a response to an external situation such as 
chronic starvation, traumatic stress or sepsis. Al- 
ternatively it may be a direct hormonal response to the 
infused substrate. 

Data on these nutritional responses are essential to 
ensure maximum benefit from expensive and some- 
times hazardous infusions. Delineation of substrate 
interaction and endocrine control in the simplest pos- 
sible human situation should precede attempts to 
interpret the complicated responses found in severe 
injury or sepsis. The situation of normal fasting man is 
one in which satisfactory metabolic periods may be es- 
tablished with little change in ambient conditions, so 
that metabolic and nutritional interpretation rests on 
the soundest possible basis; similar observations can 
also be made in more prolonged starvation, but are 
much more difficult in trauma or sepsis. 

Central to this question of substrate interaction and 
endocrine control lies the problem of differentiating the 
effects of carbohydrate from those of insulin. The term 
**nitrogen sparing'"' or "protein sparing’’ can be used to 

denote the reduction in excretion of nitrogen com- 
pounds in the urine that occurs with the infusion of 
carbohydrate (and consequent rise in insulin concentra- 
tion), either in starvation or with the infusion of 
amino acids. While insulin clearly favors anabolism 
(protein synthesis), the oxidation of glucose and the 
inhibition of lipolysis, it is difficult to separate out 
these effects of insulin from those due to the energy- 
source, carbohydrate, which must always be given with 
the insulin, and if given alone produces an insulin 
response. Early in our work it became evident that 
through the study of glycerol and the long chain fatty 
acids of fat emulsion we were fortuitously provided 
with energy rich compounds that did not alter blood 
insulin concentration. Their effect on the protein 
economy would clearly bear on the question of whether 
it was the provision of available energy or the insulin 
response to carbohydrate that favored protein anabo- 

. lism when non-protein calories were given. 
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TABLE 1. Plan of Study (Substrates Provided) 
Number 
of 
Group Abbr Description Subjects 
1 COF Control (Normal diet, overnight 35 
fast) 
2 TS Total Starvation. Data of Ca- 
hill? Felig!" and Adibi! 
3 LDG Glucose only at low dose 3 
4 HDG Glucose only at high dose 6 
5 FE Fat Emulsion only (Intralipid) 3 
6 GLYC Glycerol only 3 
7 AA Amino Acid only (FreAmine II) 4 
8 AALDG Amino Acids plus low dose 
glucose 4 
9 AAHDG Amino Acids plus high dose 
glucose 4 
10 AAGLYC Amino Acids plus glycerol 4 
ll AAFE Amino Acids plus Fat Emulsion 4 





It is the purpose of this paper to evaluate substrate 
interaction and endocrine control by conventional bal- 
ance data supplemented by blood amino acid and 
hormone levels in normal human fasting subjects. 
Experimental settings included overnight fast, normal 
oral diet, total starvation, and the responses to a num- 
ber of interacting intravenous nutriments: glucose at 
low dose and high dose, glycerol and fat emulsion. We 
then undertook a precisely similar set of experiments 
in which amino acids were provided always at a con- 
stant rate, later adding the interactive substrates men- 
tioned above. Differences in the body’s handling of 
these substances were quite clear according to the mix- 
ture used. 

All the observations were made in comparable condi- 
tions utilizing the metabolic ward of the hospital and by 
many of the same personnel over the course of several 
years. The data for starvation, low dose glucose alone, 
high dose glucose alone, glycerol alone, fat emulsion 
alone and amino acids alone have previously been re- 
ported but never collated for comparison. The informa- 
tion on amino acids plus low dose glucose, amino acids 
plus high dose glucose, amino acids plus glycerol, and 
amino acids plus fat emulsion are reported here in detai 
for the first time. 


Materials and Methods 


Subjects 


Healthy normal male volunteer subjects with a mean 
age of approximately 25 years were used. The subjects’ 
surface area is shown in Table 3. Some of the starvation 
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TABLE 2. Intake Summary (Mean Intake per Day) 








IV Vol Glycerol Nonprot 

Total Days Intake Gluc FE (Available) N Cho Prot Fat Total Cal/N 

Group Days (Basis) (Liters) (g) (g) (£) (g) (kcal) (kcal) (kcal) (kcal Ratio 
TS 1-14 14 1.5 (po) 0 9 0 0 0 0 0 0 — 
LDG 1-10 10 3 167 0 0 0 568 0 0 568 — 
HDG 1-10 10 3 670 0 0 0 2278 0 0 2278 — 
HDG 1-6 6 3 725 0 0 0 2465 0 0 2465 — 
AA 1-8 8 3 0 0 0 13:5 0 378 0 378 — 

AA + LDG 1-8 8 3 150 0 0 13.5 510 378 0 888 38:1 

AA + HDG 1-8 8 3 600 0 0 13.5 2040 378 0 2418 150:1 
GLYC 1-4 4 3 0 0 25 0 115 0 0 115 — 
GLYC 5-8 4 3 0 0 77 0 346 0 0 346 — 
FE 1-4 4 3 0 85 25 0 108 0 655 763 — 
FE 5.8 4 3 0 177 63 0 270 0 1682 1952 — 

AA + GLYC 1-8 8 3 0 0 75 13.5 322 378 0 700 24:1 

AA + FE 1-8 8 5 0 220 . 66 13.5 336 378 2084 2768 180:1 


* Hydrated glucose supplies 3.4 kcal-gm. 


data were obtained from the study of obese subjects. 
One of the subjects having the amino acid infusion 
alone was slightly overweight. The others were of nor- 
mal body habitus. They were stabilized on a standard 
diet similar to their prior intake. Upon admission to 
the hospital a physical examination was done with chest 
film, hematologic and blood chemical tests, including 
glucose tolerance to assure good health and ''nor- 
mality". The study to be undertaken was carefully 
explained and the informed consent obtained in ac- 
cordance with the regulations of the Peter Bent Brig- 
ham Hospital and the Harvard Medical School. In 
many instances the same subjects volunteered a second 
and third time for additional observations. 

The subjects were allowed regular ward activity, 
being permitted to walk around with the intravenous in- 
fusion running; they were allowed water by mouth. 
Blood sampling was always carried out from the arm 
opposite to the infusion. All urine and feces were 
collected. 


Summary of Experimental Groups (Tables 1—3) 


The clinical settings and infusional data, together ` 
with the bibliographic references describing methods 
and separate results, are summarized together with ab- 
breviations used in this paper as follows. 

Control overnight fast (COF): Based on the initial 
data from each subject prior to infusion; amino acid 
analyses were included on 28 occasions. 

Total Starvation (TS): Data of Cahill,!^ Felig!" and 
Adibi! 

Low Dose Glucose alone (LDG): 150—200 g/day, 
three subjects for ten days each. Data of O’Connell 
et al.36 

High Dose Glucose alone (HDG): 600 and 740 g/day, 
two subjects for ten days,** and four subjects at 725 
g/day for six days. 

Glycerol alone (GLYC): at 25 g/day for four days 
and 77 g/day for four days, three subjects. Data of 
Brennan. et al.® 


TABLE 3. Nitrogen Intake and Output 


N Intake N Output 
g/M?/d (d5—8), g/M?/d 

Group f X +SD X +SD 
Control 

(Normal 

Diet) 8.0 1.3 7.2 1.6 
TS 0 6.0 0.9 
LDG 0 2.6* 0.4 
HDG 0 1.6 0.3 
AA 6.8 0.5 9.6 1.7 
AALDG 7.4 0.4 8.4 0.9 
AAHDG 7.5 0.6 7.5 0.6 
GLYC 0 2:7 0.8 
FE 0 ` 3.3* 0.9 
AAGLYC 6.9 0.4 8.7 1.0 
AAFE 6.7 0.4 6.9 0.3 


NH; N Output 


(d5—8, g/M?/d) Surface Area Number 
—————— of 
X +SD X +SD Subjects 
0.30 0.07 1.95 0.13 35 
1.95 0.16 6 
1.99 0.18 3 
0.28 0.04 1.96 0.13 6 
0.82 0.12 1.98 0.15 4 
0.69 0.07 1.89 0.13 4 
0.92 0.07 1.87 0.14 4 
2.04 0.10 3 
1.92 0.12 3 
0.82 0.14 1.95 0.10 4 
0.96 0.19 1.97 0.15 4 
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Fat Emulsion alone (FE): as Intralipid 10969 at 600— 
900 ml/day (four days) and 1600—2200 ml/day (four 
days) given over a period of 20 hours each day, three 
subjects. Data of Brennan et al. (6)* 

Amino Acids alone (AA): At a dose of 13.5 g N/day, 
four subjects for eight days, Data of Tweedle, et a1.*4 
All amino acid infusions described herein involve the 
same dose of amino acids to provide comparable data. 
FreAmine II? diluted to 3.4% was used in all cases.t 

Amino Acids with Low Dose Glucose (AALDG): 
Amino acids plus 150 g of glucose. Four subjects, eight 
days each. Preliminary report in Wolfe et al.®° 

Amino Acid with High Dose Glucose (AAHDG): 
Amino acids plus glucose at 600 g/day. Four subjects, 
eight days each. 

Amino Acids with Glycerol (AAGLYC): Amino acids 
plus glycerol. 75 g/day. Four subjects, eight days each. 
Preliminary report in Culebras et al. 

Amino Acids with Fat Emulsion (AAFE): Amino 

` acids plus fat emulsion, 3 g/kg/day (2100— 2800 ml/day) 
Four subjects, eight days each. 

Data are presented from ten sets of experiments on 
41 volunteer subjects observed over a total of 370 sub- 
ject-days. The dose of glycerol, with or without amino 
acids, was calculated to provide an amount of glycerol 
identical to the glycerol available in the fat emulsion 
which contains added glycerol in addition to the 
glycerol as triglyceride. Calorie intake was calculated 
as follows: glucose is supplied commercially as hydrous 
glucose with a calorie value of 3.4 kcal/g. The potential 
caloric content of the amino acids infused was calcu- 
lated as 4 kcal/g. The caloric content of the fat emul- 
sion is stated to be 1.1 kcal/ml. 


Infusion Protocols 


7 The infusional amounts and volumes are summarized 
in Table 2. 

All solutions used were prepared under sterile lami- 
nar flow conditions. The bags for infusion were weighed 
before and after infusion to provide accurate measure 
of the volume infused as based on the weight and 
specific gravity of the solution. Appropriate analyses 
for total nitrogen and individual amino acids have been 
done to confirm the solution composition and in 
some instances to assess the accuracy of the manu- 
facturers' label.“ 

For most of the experiments the observations lasted 
eight days following the control overnight fast, with a 
continuous 24 hour intravenous infusion usually total- 





* 'The fat emulsion was kindly supplied by Cutter Laboratories, 
Berkeley, California. 
+ McGaw Laboratories, Irvine, CA. 
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ling three liters in volume. Appropriate electrolytes and 
vitamins were added to all solutions. 

Peripheral veins were used for isotonic solutions. For 
the infusions of high dose glucose with and without 
amino acids, a central venous catheter was inserted 
via an antecubital vein. Infusions were regulated by an 
infusion pump. In the amino acids plus fat emulsion 
study, a peripheral vein was used and the fat emulsion 
infused at a mean volume of 2200 ml/day by a “Y” 
connection with the amino acid infusion. At the close 
of the infusion a chest x-ray was taken. 

All blood samples were taken at 8 a.m. each day 
(save for the initial experiment with fat emulsion and 
glycerol alone, in which samples were taken on alter- 
nate days at 8 a.m. and 2 p.m.). The total volume of 
blood sampling for the first day was 50 ml and on subse- 
quent days was approximately 30 ml. Prior to blood 
sampling the patient was asked to rest in bed for 20 
minutes and to avoid smoking. Urine was collected in 
acid. Blood and urine were stored at —20° until 
analysis. 


Analyses 


Blood concentrations . Blood (or serum) electrolytes, 
urea nitrogen, free fatty acids, triglycerides, ketones 
(acetoacetate, B-hydroxybutyrate), alanine, and sugar 
were measured by standard enzymatic or colorimetric 
methods, as described previously.** Serum immuno- 
reactive insulin was measured by combined radioim- 
munoassay?? and plasma immunoreactive glucagon was 
measured by radioimmunoassay using a 30 K anti- 
body, both in the endocrine laboratories of Dr. 
Gordon Williams at the Peter Bent Brigham Hospital. 

Amino acid analyses. Plasma for amino acid analy- 
sis was promptly frozen and stored at —20°. The 
plasma was deproteinized with sulfosalicylic acid. The 
amino acid analyses were done by column chromatog- 
raphy. Several laboratories collaborated in the amino 
acid analyses. In the study of low dose glucose, the 
analyses were carried out in the Joslin Research 
Laboratory using a Beckman 120 C Amino Acid 
Analyzer (Drs. Cahill and Aoki). In the study of amino 
acids alone, amino acid analysis was done in the 
Department of Physiology, Harvard Medical School, 
using a Beckman 121 Amino Acid Analyzer (Dr. Lee- 
man). Amino acid analyses in the studies of high dose ` 
glucose, amino acids plus low dose glucose, amino 
acids plus high dose glucose and all urine amino acid 
analyses were done at Bio-Science Laboratories, 
Santa Monica, California, using the Durrum D— 500 
Amino Acid Analyzer. The plasma amino acid deter- 
minations for the studies of amino acids plus glycerol 
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TABLE 4. Nitrogen Balance (g/M?/day) 











Cumulative 


Days 1 


+SD 


+SD 


+SD 


+SD 


+8D 


Group 











—49.7 


—6.0 


-5.5 


-5.7 


-6.3 


—6.6 


-7.2 


1.0 


-6.1 


-5.9 


—6.4. 


1.7 


—29.9 


“4 


-2.6 


~2.7 


~2.6 


—3.1 


-3.4 


-3.2 


-3.9 


-4.1 


—6.1 


LDG 


3.4 


—20.3 


-1.6 


~1,7 


1,7 


-1.6 


-1.6 


-1.8 


-23 


1.0 


-3.6 


-6.0 


HDG 


6.3 


—23.6 


1.3 


-2.9 


-3.2 


1.3 


-3.2 


1,4 


-2.9 


-34 


L3 


-2.8 


-3.8 


AA 


5.2 


-6.2 


L0 


-13 1.2 -1.0 


-1.3 


=1.1 


-1.0 


T3 


AALDG 


4.3 


*3.4 


12 


+7 


4. 


+9 


e 


Lfd 


4.8 


AAHDG 


7.0 


-—28.5 


-23 


-23 


-2.1 


-3.0 | 


1.0 


—3.6 


1.4 


-5.0 -4.1 


LS 


—4.0 


GLYC 


7.5 


-3.7 1.0 -3.3 1.0 -3.3 1.0 -3.3 "9 —39.7 


1.4 


-5.4 


-6.1 


-6.4 13 ~6.0 


1.9 


-5.7 


FE 


5.6 


-2.3 1,2 -17.7 


1.8 


1.0 -2.8 1.2 -1.9 


-24 


1.0 


-2.0 


-3.0 


1.0 


-2,1 


-2.4 


L8 


1,3 


AAGLYC 
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5.3 


1.4 


AAFE 


* = Days 7-8. 
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and amino acids plus fat emulsion were done in the 
Laboratories of Biochemistry and Metabolism, Uni- 
versity of Massachusetts (Dr. Flatt), also with a Dur- 
rum D— 500 Amino Acid Analyzer. In all instances, 
methods were cross checked between the laboratories, 
both by duplicate analysis and by statistical comparison 
of control data. In all instances the results were en- 
tirely comparable. 

Urines. Urine nitrogen determinations were carried 
out by the standard macro Kjeldahl technique. Analy- 
sis of urinary components (creatinine, urea, ammonia 
and uric acid) was carried out by standard techniques 
as previously described.** Urinary creatinine data were 
used as a check on completeness of collections. ' 


Data-presentation and Statistics 


Statistical comparisons are based on Student's t- 
Test. Nitrogen balance data are presented both for in- 
dividual days, the mean of several days (usually days 
five to eight) and as cumulative nitrogen balance for 
each individual subject. When data are presented for a 
single subject, ''n" is one. When a series of means 
for individual days is. presented amongst a group of 
subjects, then ‘‘n’’ is-equal to the number of subject- 
days for which data are available. For the control 
data on blood concentrations following overnight 
fast (COF) a summation of our control observation 
was used including comparable control amino acid 
data of Felig! and Adibi.! Statistical significance is 
based on a ''p"' value of 0.05 or less. 


Results 
Clinical 


All infusions were well tolerated. The combination of 
isotonic amino acids with fat emulsions was tolerated 
in a peripheral vein. There were a few minor reactions 
around the cutaneous entry site, and in some in- 
stances, a sense of discomfort along the indwelling 
intravenous long lines. None developed a septic proc- 
ess. Although the habit of eating was missed, severe 
hunger pangs and sleeplessness were not experienced. 
Some of the subjects complained of lethargy and some 
had mild headaches. 


Nitrogen Intake, Output and Balance (Effect of non- 
protein calories; calorie; nitrogen ratios Tables 2, 3, 
and 4; Figures 1—5) 


When no nitrogen was provided (TS, HDG, LDG, 
GLYC, and FE) a maximum nitrogen excretion and 
negative balance were observed in total starvation. 
There was then a progressive reduction in urine nitro- 
gen excretion with the administration of fat emulsion, 


—À 
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NITROGEN 
(gm/m?) 







INTAKE 
BALANCE 


12 3 4 5 6 7 8DAYS 


Fic. 1. Nitrogen balance with intravenous infusion of amino acids 
alone. This chart shows one representative study set, as sum- 
marized for all the experiments in Table 4 and Figure 4. The 
intake is charted upwards from the zero line; the output downwards 
from the top of the intake line: where the final mark is below 
zero (shaded area) a negative balance is portrayed. Here, through- 
out the eight days of amino acid infusion without other sub- 
strates (AA) there is a consistent negative balance of about 3 g/ 
M?/day, about one half that seen in total starvation (TS). This is not 
abated by the rapidly rising ketosis (Fig. 12). The abundant 
gluconeogenesis from amino acids is demonstrated by greatly in- 
creased urea excretion and the essentially normal blood sugar. 


glycerol, low dose glucose, reaching its lowest point 
(indicating maximum nitrogen conservation) with high 
dose glucose. When amino acids were provided (AA), 
.there was a virtual doubling of total nitrogen excre- 
tion with a negative nitrogen balance of approximately 
3 g N/M?/day. There is then an analogous improvement 
in nitrogen economy as demonstrated by amino acids 
with glycerol, amino acids with low dose glucose, 
amino acids with fat emulsion and amino acids with 
high dose glucose. In the latter instance, zero balance 
was obtained. The cumulative eight day nitrogen bal- 
ance with AAHDG was +3.2 g N/M*/day. 

Statistical analysis demonstrates that with the added 
supplements in all instances there was a significant 
difference from the nitrogen loss of total starvation. 
Considering the group without amino acid supplemen- 
tation versus that group with amino acid supplementa- 
tion, there was a clear cut group difference, with a 
superior nitrogen economy (but at the expense of 
large total nitrogen excretion) when amino acids were 
provided (p < 0.01).Within these groups there was a 

- Statistically significant superiority of the high dose 
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NITROGEN 
(gm/m?) 





INTAKE 
BALANCE 





87123 4 5 6 7 8 DAYS 
Fic. 2. This shows the effect of high dose glucose administration on 
amino acid utilization (AAHDG). There is a marked improvement 
in nitrogen economy (p « 0.001) as compared to AA (Fig. 1). 
The positive balance lasts only a few days; the body habitus and 
muscle mass of the volunteer subjects were normal, and continued 
positive nitrogen balance was not expected. 


AA * Glycerol (75 gm/doy) AA * Intralipid (3gm/kg/day) 


n* 3 Subjects 





N BALANCE, gm/M? 





E: N INTAKE GE N INTAKE: 
-6 N BALANCE -6 N BALANCE 
(os ORNE ASS. SEEN: ENA ERAN LLL ht —1 
DAY 123 45 67 8 123 65 67 8 


Fic. 3. Plot as in Figures 1 and 2. The effect of glycerol 
(AAGLYC) and fat emulsion (AAFE) on the utilization of infused 
amino acids is shown. It is evident that both of these lipid sub- 
stances are ‘‘protein-sparers”’ in the sense of improving the nitrogen 
economy of the infused amino acids. The AAFE provides an im- 
proved economy (p < 0.001) over that of the available glycerol 
(AAGLYC). It is clear that under these circumstances the fatty 
acids of FE are contributing to the nitrogen economy over and above 
the effects of glycerol alone. This is in contrast to the situation in 
starvation with fat emulsion alone (FE) when the fatty acids appear 
to contribute little additional protein sparing effect over that of 
glycerol. 
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DATA SHOW 
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NITROGEN 
(gm /M*/day) 


GLYCEROL 
AMINO ACIDS 
LOW GLUCOSE 
INTRALIPIO 
STARVATION 


caloric supplementation. There was no statistically 
significant difference between the daily or cumulative 
nitrogen balance between amino acids with fat emul- 
sion and amino acids with high dose glucose. 
Nitrogen excretion in the urine remained pre- 
dominantly as urea in all of these experiments. Am- 


CALORIC INTAKE (KCAL/DAY) 


-5 
MEAN DAILY NITROGEN BALANCE (gm/M7/d) 
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HIGH GLUCOSE 
AA * GLYCEROL 
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Fic. 4. Summarizing chart 
of nitrogen balance in the 
ten groups. The groups are 
here arranged according to 
an ascending scale of im- 
proved nitrogen economy. 
The provision of amino 
acids alone gives about 
the same nitrogen economy 
as that provided with low 
dose glucose or glycerol 
without amino acid sup- 
plementation; high dose 
glucose is clearly more ef- 
ficient. When amino acids 
are provided with low dose 
glucose (AALDG), with fat 
emulsion (AAFE) or high 
dose glucose (AAHDG) (as 
shown in the right hand 
three columns), the max- 
imum nitrogen ‘economy 
(i.e. utilization) is achieved. 
There is no statistically sig- 
nificant difference between 
AAFE and AAHDG as re- ^ 
gards either the mean of 
individual balance days or 
the cumulative nitrogen bal- 
ance. 


AA * HIGH GLUCOSE 
AA * INTRALIPID 
AA * LOW GLUCOSE 


monia nitrogen excretion was 0.30 g/M?/d while the sub- 
jects were fed a normal (control) diet (Table 3). Am- 
monia excretion was unchanged during HDG infusion. 
By contrast, ammonia excretion rose two-to three-fold 
in.all groups receiving amino acids (AA, AALDG, 
AAHDG, AAGLYC, AAFE). These increases were 


Fic. 5. Mean daily nitrogen 
balance as a function of 
caloric intake. Each dot... 
represents the summation 
of a subset of experiments 
or a mean of two sets as 
indicated. There are two 
families of points con- 
nected by shading. With 
amino acids (right) a more 
favorable nitrogen balance 
is obtained, there being 
some nitrogen available in 
the intake. Without amino 
acids (left) more net nitro- 
gen is lost from the body. 
Under both circumstances 
the provision of high dose 
glucose provides a near 
maximum economy. The 
position of fat emulsion 
is intermediate. 
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TABLE 5. Plasma Intermediates (A), Means for Control Observations and Days 5-8 
ne See 

Glucose mg/dl Glycerol mg/dl Lactate mM/A Urea N mg/dl 
Control Days 5-8 Control Days 5-8 Control Days 5-8 Control Days 5-8 

Group n Žž + SD n X+SD n X *SD n X+SD n X-*SD n &+SD n X+SD n X+SD 
S 6 Tix 2 24 644+ 2 24 1.05 + 0.4 6 1221 24 1421 
LDG 8 95 + 13 8 93+ 5 3 1.12603 3 0.7 + 0.6* 8 19x1 8 7x1 
HDG 12 90x 1 12 99+ 6t 4 0.9 x 0.1 12 0.5 + OF 6 1.4 + 0.4 12 1.2 + 0.2 16 16 + 4 16 3+0 
AA 12 93+ 4 16 822+ 1 12 0.8 + 0.2 16 1.1 0.5 12 18+7 16 20 +1 
AA + LDG 12 94% 5 16 93+ 1 12 0.7 + 0.2 16 0.5 +0 12 1.1 + 0.4 16 0.8 + 0.1 12 14 +3 16 18 + 1 
AA+ HDG 12 93+ 5 16 100+ 7 12 0.8 + 0.1 16 1.3 + 0.1 12 13+1 16 1220 
GLYC 6 94+ 2 15 85 + 14 6 1.2 + 0.2 6 40 +0 3 1.0 + 0.1f 6 16+3 15 6+3 
FE 6 95+ 7 15 B+ 7 6 1.3 x 1.0 6 16 +05 3 0.5 x 0.1 3 0.4 + 0.0t 6 16 +3 12 7x3 
AA + GLYC 12 94x 3 16 90+ 1 12 0.8 + 0.2 16 2.3 + 0.4 12 1.0 + 0.4 16 0.8 + 0.2 12 1341 16 16+ 1 
AA + FE 12 M+ 3 16 84+ 1 12 1.1 € 0.1 16 21.2 + 6.6 12 0.9 + 0.4 16 0.8 + 0.2 12 120 16 10+ 1 


n = number of observations. 


* = Day 6 only. 
t = Day 8 only. 
t = Days 4-6. 


statistically significant as compared either with control 
or with HDG in all instances. Nitrogen excretion as 
creatinine and uric acid was constant in all subjects. 
Non-protein caloric intakes varied in these experi- 
ments from 0 in TS to approximately 2000 in the 
HDG experiments and 2400 in the FE experiments. 
The amount of FE given in the AAFE experiments was 
approximately 25% larger (i.e. mean 2,200 ml) than in 
the experiments with FE alone (mean 1770 ml). The 
total caloric intake as well as calculation of the non- 
protein calories and calorie to nitrogen ratios (based on 
ratio of non-protein calories to total nitrogen in the 
intake) are shown in Table 2. As a generality the 
higher the non-protein caloric intake and the higher 
the calorie:nitrogen ratio, the greater the nitrogen 
economy; an exception was found with AAFE, when 
calories were higher but protein economy no better 
than with HDG. When amino acids were also provided 
with the non-protein calories, nitrogen economy was 


favored. Thus, two families of curves evolved as shown 
in Figure 5, showing the relationship between non- 
protein calories and nitrogen balance for the two series 
of experiments (i.e. those with and without amino acid 
supplementation). 


Blood Sugar, Insulin, Glucagon, and their Ratios; 
Blood Urea Nitrogen (Tables 5, 7, 8, 9; Figures 6—10) 


With starvation alone, blood sugar fell for the first 
few days and then stabilized at the lower level. With 
amino acids alone, blood sugar was supported at the 


. control level suggesting gluconeogenesis from the in- 


fused amino acids. In all the. experiments involving 
glucose at low dose (LDG and AALDG) and glycerol 
(GLYC and AAGLYC) the blood sugar curve was es- 
sentially flat and within the normal range. In those 
involving glucose at high dose (HDG and AAHDG) 
the blood sugar was significantly elevated but not to 


TABLE 6. Plasma Intermediates (B) Means for Control Observations and Days 5-8 


Triglycerides mg/dl Free Fatty Acids pEg/l Ketones (AcAc + BOHB) uM/l 
Control Xd5-8 Control X d 5-8 Control X d 5-8 
Group n XŠ=+sSD n XzSD n X+SD n Š + SD n X+SD n X + SD 
S 6 530+ 20 24 1380 + 336 6 29+ 14 24 4180 + 450 
LDG 111 + 79 3 82 + 38t 8 308+ 68 3 543 + 2868 
HDG 18 104+ 54 11 147 + 69* 8 502 + 192 12 192+ 58 12 138+ 3 12 197+ 21 
AA 12 115+ 18 16 131+ 8 12 592+ 71 16 935 + 156 12 109+ 65 4 1520 333i 
AA + LDG 12 83 + 23 16 92+ 6 12 524 + 178 16 400+ 41 12 116+ 103 4 187 + 70§ 
AA + HDG 12 84+ 7 16 76+ 6 12 578 + 129 16 246+ 28 12 123+ 62 16 44+ 11 
GLYC 6 94 + 35 6 110+ 9 6 676+ 175 6 779 + 83 6 126+ 44 15 1012 + 549 
FE 6 88 + 46 6 563 + 36 6 707 + 121 6 1838 + 200 2 433 + 124 3 3373 + 371} 
AA + GLYC 12 79 + 13 16 83 + 10 12 487+ 44 16 590 19 12 129+ 99 16 293 + 81 
AA+ FE 12 88 + 37 16 970 + 162 12 536 + 198 .16 2335 + 377 12 100+ 150 16 1125+ 86 
* = Days 4-6 + Day 6 + 10. 
t = Day 10 only. 
t = Day 8 only. 
§ = Day 6 only. 
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TABLE 7. Insulin (Mean Serum Concentration, s. Ulml) 
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Days Control 1 2 3 

Group X zSD X +SD X +SD X 2ÆSD X 
TS 14 4 15 6 9 2 8 2 8 
LDG 16 8 22 13 18 
HDG 14 6 67 34 48 16 49 7 48 
AA 10 4 8 3 6 2 6 3 6 
AALDG 6 3 8 2 6 2 5 1 5 
AAHDG 7 2 43 26 38 10 41 26 43 
GLYC 16 2 
FE 13 6 
AAGLYC 6 1 7 3 5 1 5 1 5 
AA FE 13 6 12 3 13 8 13 8 12 


clinical hyperglycemic levels, being between 95— 130 
mg/dl. 

The insulin curves showed analogous changes. With 
starvation, there was a drop in insulin concentration. 
It will be noted in Figure 8 that the control level of 


insulin was higher in the starvation group than in the ` 


other groups; the insulin curve for this group was 
slightly higher than the curves for other groups, which 
started at lower control levels. With those experiments 
involving high dose glucose (HDG and AAHDG) the 
insulin values were elevated to approximately 40 ~U/ 
ml. With all the other experiments, the insulin values 
were in an essentially normal range between eight and 
15 U/ml. 
. The glucagon curves were generally inverse to the in- 
sulin data mentioned above. With the high dose 
glucose alone (HDG) glucagon levels were the lowest 
we have seen at approximately 11 pg/ml. Any experi- 
ment involving the infusion of amino acids resulted in 
an elevation of glucagon levels, the highest being seen 
with AAFE, at approximately 200 pg/ml; AAGLYC 
and AA alone show more modest elevations around 
100. AALDG and AAHDG showed values in an es- 
sentially normal range at 30—70 pg/ml. 
Insulin-glucagon ratios thus demonstrated very large 
numerical differences. With HDG alone, very high 
molar ratios (200—700) were seen. With AAHDG the 


5 6 7 8 Days 5-8 
-SD X +SD X +SD X +SD X +SD X -SD 
I 9 2 8 1 8 1 8 2 8 2 
5 18 10 13 6 15 8 
15 41 6 43 7 56 18 42 7 43 9 
2 2 7 3 6 1 7 3 6 2 
2 6 2 6 3 4 2 4 1 5 2 
13 43 13 46 17 45 14 30 13 41 14 
13 1 
16 3 
1 4 1 1 3 6 5 5 3 
10 10 11 7 11 5 10 7 11 6 


values were somewhat lower at 50—100. All the re- 
mainder were calculated between one and ten. 

The caloric supplementation that produced the great- 
est degree of nitrogen economy was usually associated 
with a high insulin and low glucagon and an elevated 
VG ratio. The exception was the combination of amino 
acids and fat emulsion where insulin was not stimu- 
lated but glucagon was at a very high level, giving a 
very low I/G ratio (less than 2). 

In starvation alone the blood urea nitrogen was re- 
duced to very low levels only when glucose was 
provided. With amino acids alone, blood urea nitrogen 
was somewhat elevated, showing a downward modula- 
tion when glucose was added at either low or high dose. 
With amino acids and fatty intermediates (AAFE and 
AAGLYC) blood urea nitrogen was at an intermediate 
level. The group differences were generally statistically 
significant, though blood urea nitrogen was not 
clinically elevated in any of the experiments. 


Fatty Intermediates; Ketones, Free Fatty Acids, and 
Triglycerides (Table 6; Figures 11 —14) 


With starvation, the blood ketones (acetoacetate plus 
B-hydroxybutyrate)!? rose to extreme levels approxi- 
mating 5,300 uM/l at the close of an eight day fast. This 
ketone rise was completely inhibited by glucose 


TABLE 8. Glucagon (Mean Plasma Concentration, pgíml) 








Days Control 1 2 3 5 6 7 8 5-8 

Group x +SD X +SD x +SD x +SD X +SD x +SD X *SD X +SD Xx xSD X +5D 
LDG* 122 20 78 16 90 26 
HDG 49 42 12 8 u 16 22 29 9 13 14 15 8 10 11 13 
AA 45 43 93 38 105 30 102 22 84 20 105 24 90 44 90 22 83 32 92 31 
AA LDG 45 17 72 30 65 24 59 29 57 21 65 30 55 22 62 29 8l 59 66 35 
AA HDG 30 15 16 12 19 21 27 18 34 23 34 13 37 25 23 14 4i 28 34 8 
AA GLYC 62 32 142 51 105 30 128 53 95 41 104 37 107 37 129 58 109 38 112 43 
AA FE 77 63 188 212 192 192 181 130 180 121 177 147 232 261 177 104 230 197 204 169 
GLYC 130 27 104 8 99 9 170 15 123 3 190 10 113 8 101 13 107 13 128 MW 


* Not corrected for ‘‘interference factor." 


M 
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TABLE 9. Insulin/Glucagon Ratio* 
Day Control 1 2 3 5 6 7 8 5-8 


LDG 6.6 2.1 
HDG 10 8 733 1301 373 304 172 142 603 
AA 69 29 2.2 0.7 15 0.6 13 0.3 16 
AA LDG X35 21 3.1 21 2.6 18 23 L3 2.5 
AA HDG 8.9 97 121 172 119 112 66 80 51 
AA GLYC 36 49 1.3 0.5 1.2 0.3 l1 07 14 
AA FE 5.0 27 3.1 2.8 2.1 0.7 1.6 0.5 1.5 

* Expressed as molar ratio, calculated as follows: insulin, pU/ml x 23.33 

glucagon, pg/ml 
t Day 6. 
t Day 5-6. 


dosage at either level, and by glycerol. With amino 
acids alone and amino acids with fat emulsion ketones 
were markedly elevated in the range of 1,200—1,500 
KMI though this is still only one third that seen with 
starvation alone. With fat emulsion alone (FE) ketones 
were also markedly elevated (3300 4 M/l) but at an inter- 
mediate level between AA or AAFE on the one hand, 
and TS on the other. The remainder of the experiments 
left the ketone values in the neighborhood of 100—300 
ALMA. 

With fat emulsion alone, the free fatty acids were 
elevated to the level of 2,000 &Eg/l, a value slightly 
higher than that seen with total starvation (1,250— 
1,900 ,,M/l. With amino acids alone, free fatty acids 
were elevated to the vicinity of 1,000 &Eg/l; all the 
rest of the experiments showed free fatty acids in the 
range of approximately 500 uEg/l. Glucose administra- 
tion in any dose lowered free fatty acids; with HDG 


120 


Fic. 6. Blood sugar curves 

for representative groups. 100 
'The remarkable homeostatic 
regulation of glucose is 
demonstrated. A transient GLUCOSE 
rise in glucose concentra mg/ 

tion occurred with high 9 dl 
dose glucose infusion, and 80 
in starvation plasma glu- 

cose gradually fell. 


60 





5.2 2.3 5.21 
825 232 245 387 397 310¢ 317 
0.7 1.2 0.4 2.4 2.5 1.5 0.5 2.1 0.6 1.8 1.3 
1.3 2.7 L6 2.4 0.9 1.8 0.8 LS 8.7 2.1 Ll 
46 51 58 49 44 100 130 43.5 61 61 76 
0.6 11 0.5 1.0 0.4 1.3 0.7 1.2 0.5 LI 0.5 
0.6 1.7 1.0 1.7 1.2 1.5 0.2 1.3 0.8 1.5 0.8 


and AAHDG the lowest values were seen at approxi- 
mately 250 wEq/I. 


Amino Acids (Tables 10 and 11; Figures 15—17) 


"With starvation alone, the branched chain amino 
acids (leucine, isoleucine, and valine) demonstrated an 
immediate rise followed by a gradual fall. Glycine rose 
progressively whereas serine and arginine adopted an 
intermediate position with a gradual rise after the 
third day. Alanine gradually fell throughout starvation. 

When glucose was provided to the fasting subject, 
all of these changes, with the exception of glycine, 
were modified. The rise in branched chain amino acids 
was inhibited; most of the amino acids showed a 
gradual fall. The sole exception was that of alanine 
which rose when glucose was given at high dose, as- 
sociated with diminished glucagon concentration. 


AMINO ACIDS + HDG 


HIGH DOSE GLUCOSE 
AA+ GLYCEROL 


AA+ FAT EMULSION 
AA ALONE 


Os- STARVATION 
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Amino acids 
sione 


Ami cids 
iow oss Macher 


Amino acids plus: 
High dose glucose 
Fat emulsion 


BUN mg/di 
-h 
o 


High dose glucose 


DAYS 


Fic. 7. Blood urea nitrogen. With high dose glucose alone 
superimposed on starvation (HDG) the blood urea nitrogen fell 
to the lowest levels we have seen; the requirement for glu- 
coneogenesis is shut off' and glucagon is at a very low level. 
With amino acids alone there is a mild elevation of blood 
urea that is “normalized” with high dose glucose. 


When amino acids were provided intravenously but 
without any supplementation (AA), many of the amino 
acids present in the infused solution rose in concentra- 
tion in the blood to high levels and remained there 
throughout. This phenomenon was seen whether one 
analyzes the data for individual amino acids, the total 
amino acids infused or individual amino acids in 
groups such as the branched chain amino acids. Alanine 
was an exception to this pattern. 

The addition of non-protein calories to the amino acid 
infusion demonstrated a marked effect on the plasma 
concentrations of some amino acids. With glucose at 
high dose some of the amino acid concentrations, even 
during brisk infusion of amino acids, were maintained 
at close to normal (overnight fasted) concentrations. 
The ratio of branched chain amino acids to total 
amino acids showed return to those ratios seen in the 
post absorptive state, when glucose was added to the 
amino acid infusion (AALDG and AAHDG). This re- 
duction of plasma amino acid increase was most 
marked in the combination of amino acids with high 
dose glucose. In combination with lipids (AAGLYC 
and AAFE) the plasma amino acid concentrations 
adopted an intermediate behavior. The concentrations 
did not fall as close to normal as is seen with 
glucose, nor were they as high as with the amino acids 
alone. 

Urinary excretion of free amino acids accounted for 
less than one per cent of urinary nitrogen. Excretion 
of alanine, leucine, isoleucine, and valine accounted 
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for less than 0.596 of the amount of each in- 
fused in the amino acid infusions. Excretion of the 
amino acids was unchanged from one group to another. 
Excretion of glycine was higher (two to four per . 
cent of the amount infused) reflecting the high 
concentration of glycine in Fre-Amine II (90.6 mM/l). 


: Discussion 
Starvation; Effects of Non-protein Substrate Alone 


A theoretical construct has been developed by Cahill 
and associates to explain or rationalize the metabolic 
changes observed in starvation.? This theory has ex- 
plained many hitherto unrelated phenomena bearing on 
man's adaptive capacity to survive prolonged starva- 
tion. The central feature of this ‘‘adaptation’’ is the 
progressive utilization of stored fat as a fuel for 
obligate carbohydrate-burning tissue, rather than 
glucose formed from protein. Carbohydrate constitutes . 
an insignificant portion of the stored fuel in man. All 
the body protein is interpreted as functional. Protein 
does not accumulate in man as a reservoir. According 
to this theory, in brief starvation glycolytic tissues 
(such as erythrocytes, renal medulla, bone marrow, 


pu/m 








o 1 


DAYS 


Fic. 8. Insulin changes. Insulin concentration fell to the greatest 
extent in the starvation group; the higher control concentration in 
this group accounts for the curve leveling off at a higher 
point than the AA and AALDG groups. It is evident that low 
or normal insulin concentrations were observed in all groups except 


those receiving concentrated glucose solutions (HDG and AAHDG). 5 
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250 


Fic. 9. Glucagon changes. 
The remarkable lowering of 
glucagon with high dose 


' glucose (HDG or AAHDG) 


is well shown. This is as- 200 
sociated with low values 
for urea, as gluconeogene- 
sis and ureagenesis are 
reduced, with a high in- 
sulin: glucagon ratio (see 
figure 10). In those cir- 
cumstances there is a 
markedly improved nitro- 
gen economy. It is nota- 
ble that amino acids alone 
stimulate glucagon as do 
amino acids with glycerol 
and amino acids with fat 
emulsion. In the latter in- 
stance glucagon is at the 
highest level despite the 
abundant source of nonpro- 
tein calories. This suggests 
that fat emulsion has an 
additional effect of gluca- 
gon stimulation over and 
above that of amino acids 
alone. 


150 


pg/mi 


100 


50 


and skeletal muscle) degrade glucose to lactate and 
pyruvate (with very small energy-yield) which are then 
used for resynthesis of glucose in the liver (the Cori 
cycle). The energy for hepatic glucose resynthesis from 
the three-carbon fragments is derived from free fatty 
acid oxidation. Other tissues (including heart, renal 
cortex and skeletal muscle) derive most of their 
energy from the oxidation of free fatty acids (or keto 
acids which result from partial free fatty acid oxidation 
in the liver). Thus, in brief fasting (up to seven days) 
the brain is the only tissue which continues to derive 
its energy primarily from the oxidation of glucose to 
CO, and water. As gluconeogenesis from fatty acids 
does not occur, amino acids from hydrolyzed protein 
are the source for this glucose. Gluconeogenesis is 
accompanied necessarily by ureagenesis, and nitrogen 
is thus excreted i in the urine largely as urea. 

According to the Cahill interpretation, in more pro- 
longed starvation (three to seven weeks) the brain 
"adapts" to oxidize the available ketones as the sub- 
stitute for glucose, reducing the need for hepatic 
gluconeogenesis with resultant reduction in nitrogen 
loss and urinary urea excretion.” 

This reduction in urea excretion is accompanied by 
an increase in ammonia nitrogen excretion from ap- 
proximately 1 g/day to 2 g/day.? This ammonia excre- 
tion is interpreted as a response to the urinary acid load 
of keto acid excretion.??4! Renal gluconeogenesis 
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plus glycerol 

plus fat emulsion 


DAYS 

Fic. 10. Insulin: glucagon ratios. A semilog scale is used because of 
the wide range of ratio values. It is evident tha? in those 
situations with high insulin and low glucagon (HDG and. AAHDG) 
the ratios are very high. All the other situations show low or 
normal ratios. Amino acids plus fat emulsion are capable of 


showing an improved nitrogen economy without elevation of the 
insulin-glucagon ratio. 
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Fic. 11. Free fatty acids. The vertical dotted line in the fat 
emulsion curve indicates the point at which the fat emulsion 
dose was approximately trebled to 1800 ml/day. Where fat 
mobilizatfon is maximal (TS), fatty acid levels were high. The 
administration of glucose, in all circumstances studied, lowers the 
level of fatty acids. 


(primarily from glutamine) accounts for nearly half of 


the glucose production observed in late starvation. - 


This may also contribute to the increase in ammonia- 
genesis.? The net effect of these adaptive mechanisms 
is a reduction of total nitrogen excretion from 12-15 
. g/day to 4 g/day in very late starvation. 
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Fic. 12. Blood ketones. The rapidly ascending ketosis of starvation 
is clearly shown; this occurred during the period when nitrogen 
. economy was least favorable. The provision of amino acids (AA) 
moderates the ketosis whereas glycerol or glucose obliterate the 
ketotic response. Fat emulsion occupies an intermediate position. 
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4 
DAYS 
Fic. 13. Serum triglycerides. The vertical dotted line in fat 
emulsion shows where the fat emulsion dose was trebled. As 
in other observations (glucagon, free fatty acids) the combination 
of amino acids plus fat emulsion produced the highest level. 
The higher concentration of triglycerides seen with AAFE 
{as contrasted with FE) may relate to the higher dose of fat 
emulsion in the AAFE group (Table 2), to individual variation in 
the capacity to clear fat from the blood stream or to an inhibition 
of the clearance and/or utilization of the infused triglycerides by 
amino acids. 


According to Cahill, the tissue signal for these 
responses to starvation is the fall in insulin concentra- 
tion that accompanies the falling plasma glucose. 
Glucagon concentration rises and also plays a role.** 


10,000 
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Fic. 14. Ketones and nitrogen balance. There is a loose inverse 
relation between blood ketone concentrations and nitrogen balance. 
Those situations with the lower ketone values (logscale at the 
left) show less nitrogen loss. The exception is AAFE where, 


. with amino acids and fat emulsion as a ketone precursor, the 


ketone values are moderately elevated, yet with nitrogen balance 
close to zero. 
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TABLE 10. Branched Chain and Total Amino Acids and Their Ratio 


Branched Chain$ 
(BCAA) u MA 

Group n x +SD 
Control (OF) 31 454 102 
STARV (TS)* 12 741 32 
LDG 2 495 — 
HDG 8 250 62 
AA 8 1332 228 
AA LDG 12 681 57 
AA HDG 12 621 62 
AA GLY 12 899 104 
AA FE 12 843 91 


* Days 4—10 from literature data Felig, et al., and of Adibi.! 


+ These are the means from the individual ratios of each subject. 





Total AAt (TAA) uM/I BCAA/TAA 
n X +SD n Xt +SD 
31 2060 287 31 0.22 0.04 
12 2216 170 12 0.33 0.07 
2 2365 — 2 0.21 — 
8 1757 241 8 0.14 0.01 
8 3644 516 8 0.37 0.03 
12 3286 55 12 0.21 0.01 
12 3254 247 12 0.19 0.01 
12 3153 328 12 0.29 0.02 
12 2884 355 12 0.30 0.03 


t TAA = Leu, Ile, Val, Ala, Gly, Arg, Lys, His, Thr, Ser, Met, Phe, Tyr, Tau, Cit, Orn. 


. § BCAA = Leu, He, Val. 


Interpretation of the changes in amino acid concen- 
tration seen in starvation has evolved in the light of 
the above concept. Alanine serves as a primary glu- 
coneogenic precursor.!? The low alanine concentration 
in late starvation is believed to represent decreased 
substrate availability. This could be responsible for the 
decreased gluconeogenesis in late starvation.!9 In the 


presence of increased glucagon, alanine concentration 
is low and gluconeogenesis is increased;? when 
glucagon falls alanine rises, as described below. A 
transient rise in branched chain amino acids (leucine, 
isoleucine and valine) is of interest as it is during 
this time (days three to five) that nitrogen losses in 
starvation are greatest. The branched chain amino 


TABLE 11. Alanine and Glycine; Ratios to Total Amino Acids 








Alanine Glycine 
(eM/D Ala/TAA AMA GIy/TAA 
Group n X + SD X+SD X+SD X + SD 
COF 31 344 + 80 0.16 + 0.02 250 + 45 0.12 + 0.01 
STARY (All Days) 24 256 + 24 0.12 + 0.02 254 + 68 0.12 + 0.04 
TS (D3,5,7) 12 275 + 38 0.12 + 0.02 199+ 43 0.09 + 0.10 
TS (D10,14) 12 237 + 38 0.11 + 0.02 310 + 22 0.15 + 0.01 
LDG 
HDG (All Days) 8 398 + 112 0.24 + 0.002 350 + 39 * 0.20 + 0.01 
D4 4 363 + 90 0.22 + 0.04 325 x 12 0.20 + 0.02 
D6 4 433 + 135 0.27 + 0.05 375 x 40 0.20 + 0.01 
AA (All Days) 8 289 + 69 0.08 + 0.01 600 + 187 0.16 + 0.03 
D4 4 326 + 68 0.09 + 0.01 691 + 35 0.18 + 0.03 
D8 g 4 252 + 53 0.07 + 0.02 509 + 156 0.15 + 0.02 
AA LDG (All Days) 12 395 + 47 0.12 + 0.01 698 + 76 0.21 + 0.02 
D4 4 390 + 55 0.13 + 0.01 640 + 171 0.21 + 0.03 
D6 4 413 + 60 0.12 + 0.02 618 + 240 0.21 + 0.01 
D8 4 383 + 30 0.11 + 0.002 732+ 71 0.22 + 0,02 
AA HDG (All Days) 12 431+ 59 0.13 + 0.01 729 + 83 0.23 + 0.01 
D4 4 468 + 62 0.14 + 0.008 768 + 50 0.23 + 0.00 
~~ D6 4 400 + 45 0.13 + 0.02 666 + 104 0.22 + 0.02 
D8 4 425+ 62 0.13 + 0.009 755+ 64 0.23 + 0.01 
AA GLYC {All Days) 12 366+ 54 0.12 + 0.01 603 + 99 0.19 + 0.01 
D4 4 389+ 40 0.11 + 0.008 623 + 92 0.19 + 0.02 
D6 4 383 + 69 0.11 + 0.02 645 + 113 0.19 + 0.02 
D8 4 329 + 42 0.11 + 0.01 543 x 83 0.19 + 0.01 
AA FE (All Days) 12 257 + 31 0.09 + 0.009 566 + 150 0.19 + 0.03 
D4 4. 240+ 40 0.09 + 0.009 495 + 105 0.18 + 0.03 
D6 4 268 + 34 0.09 + 0.009 625 + 145 0.20 + 0.01 
D8 4 263 + 0.09 + 0.09 575 + 194 0.20 + 0.03 


15 
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OF Day 34,57 Day 10,14 Day4 
acids in combination, or leucine alone, may play a 
special role in promoting the synthesis of muscle 
protein.” 

The capacity of glucose to reduce nitrogen excretion 
in starvation has been known for decades.” That glu- 
cose availability would spare nitrogen (protein) in 
Starvation is entirely consistent with the concepts of 
starvation metabolism described. In brief starvation, 
provision of 150 g glucose orally per day reduced urea 
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Fic. 15. Alanine and gly- 
cine changes. In the up- 
per part of each bar is 
shown the plasma alanine 
and glycine data for four 
` of the experimental groups 
(COF, TS, AA, AAHDG). 
In the lower portion of each 
chart is shown the ratio 
of that amino acid to the 
total amino acids. Alanine 
concentration fell progres- 
sively during starvation. 
With AA infusion, ala- 
nine concentration was un- 
changed despite the high 
concentration of alanine in 
the infusion, indicating the 
rapid rate of gluconeogene- 
sis in this group. The ad- 
dition of glucose to the 
amino acid infusion AA- 
LDG and AAHDG) was 
associated with rising ala- 
nine levels, reflecting the 
lowered glucagon concen- 
tration and diminished glu- 
coneogenesis with glucose 


AMINO ACIDS + HDG available. 


Day4 | Dayó  Day8 


excretion significantly, presumably due to diminished 
gluconeogenesis.? Such an intake is hypocaloric and, 
while ketone formation was largely inhibited, fat 
mobilization and metabolism appeared to proceed as 
in starvation, but at a slower rate. Aoki, et al.? showed 
that with the same dose of glucose, given after three 
weeks of fasting, the elevated blood ketone concentra- 
tions returned to basal levels, and urine ketone and 
ammonia excretion fell. Thus, in late starvation, pro- 
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Fic. 16. Data on individual 
branched chain amino acids 
in four settings (COF, TS, 
AA, AAHDG). With each 
of the three branched chain 
amino acids (valine, leucine 
and isoleucine) there was a 
tendency to rise early in 
starvation, and an abrupt 
rise with amino acid infu- 
sion, The provision of glu- 
cose (AAHDG) lowered ail 
the values to near normal. 
As there was no increase in 
excretion this can best be 
interpreted as evidence of 
increased utilization. 
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Frc. 17. Ratio of branched 
chain amino acids to total 
amino acids. Here are 
shown in greater detail, the 
. data on branched chain 
amino acids for nine of the 
experimental groups (COF, 
TS, LDG, HDG, AA, 
AALDG, AAHDG, AA- 
GLYC, AAFE). The ratio 
of BCAA/TAA provides a 
corrector for overall amino 
acid changes, displaying 
differential effects on the 
concentration of branched 
chain amino acids. Again, 
. as in Figure 16 there was 
a notable rise in early 
starvation that was re- 
versed by providing glu- 
cose. With amino acid in- 
fusion alone, the values 
rose to a higher mean than 
with starvation alone (p 


0.4 


0.3 


RATIO 


02 


0.1 


. < 0.001). With glucose 0 
at either level added to CONTROL STARV 
amino acids the ratio was Overnight 
markedly reduced. Again Fast 


as in Figure 16, this is 
interpreted as evidence of 
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improved utilization in protein synthesis because there is no increase in urinary excretion and the infusion rate is constant. With the 


fatty substance (AAFE and AAGLYC) the position is intermediate. 


tein sparing by glucose was primarily manifested by de- 
creased ammonia excretion; free fatty acid levels were 
unaffected suggesting that fat mobilization continued to 
provide the major source of energy. Minimal doses of 
carbohydrate (7-15 g/day) have also been shown to 
reduce ammonia excretion in late starvation.*! Here 
also diminished ketone excretion correlated closely 
with decreased ammonia excretion. l 

The effects of intravenous glucose infusion reviewed 
herein are consistent with these previous studies of 
— enteral glucose provision. Urea excretion was reduced 
as was fatty acid concentration, both in proportion to 
infusion dose level. Urea excretion reached the low 
level seen in late starvation and ammonia excretion 
was unchanged from control levels (as opposed to 
late starvation). Thus nitrogen excretion was lower 
after four days provision of high dose glucose than 
seen in late starvation. A separate study in this 
laboratory showed no difference in endocrine or meta- 
bolic effect, including nitrogen excretion, when high 
dose glucose was administered enterally.'? With glu- 
. cose provision, glucagon fell and alanine rose. 

Glycerol is a straight chain three carbon compound, 
sometimes referred to as a lipid, sometimes as an 
alcohol, but having the basic composition of a carbohy- 
drate. It can be converted either to pyruvate or 
lactate. In starvation, glycerol has been shown to be 
almost completely converted to glucose by C!* studies.’ 
- Thus, even though glycerol does not directly stimu- 


late insulin or inhibit glucagon, infusion of glycerol 
in fasting man resulted in endocrine and metabolic 
effects (including protein sparing) consistent with the 
expected effects from glucose infusion at the low dose 
used. Glycerol is liberated from triglyceride hydrolysis 
(endogenous or exogenous): additional glycerol is 
added to Intralipid? for isotonicity. Approximately 77 g 
of glycerol is released from 2.2 1 of fat emulsion.’ 
Glycerol was studied, not as a proposed nutrient for 
clinical use, but rather to distinguish the effects of the 
fatty acids in fat emulsion from the effects of glycerol. 

Turning now to fat emulsion, we reported previously 
that in starvation the protein sparing effect of fat 
emulsion could be accounted for by the available 
glycerol.5 This suggests that during starvation (or 
Blycerol infusion) triglyceride is being mobilized or 
utilized at a near maximum rate, and that further 
availability of long chain fatty acids does not alter 
this situation. 


Amino Acids Alone 


As previously reported from this laboratory* the in- 
fusion of isotonic amino acids in a peripheral vein in 
amounts providing 13—14 g of nitrogen per day (a nor- . 
mal adult nitrogen intake) resulted in poor utilization of 
the amino acids, in normal fasting man. It was ac- 
companied by a very brisk rise in ureagenesis and 
total nitrogen excretion—an evident rise in glu- 
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coneogenesis. Maintenance of postabsorptive insulin 
and glucose concentrations and elevations of glucagon 
concentration, were associated with elevated free fatty 
acids and generally progressive ketonemia. These in- 
creases in free fatty acids and ketones were of signifi- 
cantly lesser magnitude than those seen in starvation. 
If we use the term ‘‘protein sparing" to mean either 
the reduction of endogenous nitrogen excretion in 
starvation or alternatively the improvement in protein 
synthesis during amino acid infusion. It is quite clear 
that in normal fasting man amino acids provided alone 
were an inefficient method of protein sparing. A large 
amount of nitrogen is infused, only a small fraction of 
which can be referred to as ‘‘retained’’; its infusion is 
accompanied by a brisk loss of endogenous nitrogen. 
All this occurred during a period of maximal conversion 
of the infused amino acids into energy substrates, 
largely glucose. These findings are similar to those of 
Freeman, et al.” 

In addition to urea, ammonia excretion was in- 
creased more than twofold by amino acid alone in- 
fusion (Table 3, (p < .001)). Association of ketonuria 
with ammonia excretion during amino acid infusion 
is an unlikely explanation for the increased ammonia 
excretion, as ammonia excretion was increased in all 
groups receiving amino acids. Elevated blood ammonia 
has been reported during clinical amino acid in- 
fusions.!?? Impairment of the urea cycle secondary to 
low arginine concentration is one mechanism that has 
been proposed, but does not appear operative in this 
study. Arginine concentration fell to the greatest extent 
with infusion of HDG (during which ammonia excre- 
tion was unchanged) and rose with AAHDG infusion, 
during which ammonia excretion was relatively high. 
Thus, increased ammonia excretion was associated 
with amino acid infusion and not with the degree of 
ketonemia. The mechanism for this increased ammonia 
excretion during amino acid infusion remains unclear. 


Effects of Addition of Non-protein Calories to Amino 
Acid Infusion 


The effect of added carbohydrate on the utilization 
of intravenously infused amino acids is quite consistent 
with the effects seen when carbohydrate alone is in- 
fused in starvation. It is furthermore an effect entirely 
consistent with the theory of starvation discussed 
above. If protein hydrolysis for the production of glu- 
cose is a principal cause of nitrogen loss during 
starvation, then the provision of exogenous glucose 
should abate the entire mechanism with a marked ef- 
fect on nitrogen balance. Both in starvation and with 
infused amino acids an improved nitrogen economy is 
readily achieved when glucose is given. The draft on 
body proteins is markedly reduced. When given in high 
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dose, the glucose elicits a very strong insulin 
response and inhibits glucagon to the lowest levels we 
have seen. The insulin: glucagon molar ratio ap- 
proaches 100. High dose glucose is thus active both as . 
an agent to alter the endocrine set of the body, 
favoring insulin, as well as providing more exogenous 
carbohydrate calories. Whether due to one or to both 
of these mechanisms, the net effect is markedly to 
improve the utilization of infused amino acids. 

Glucose at low dose is not so effective as at the high 
dose, but it does have a statistically significant effect 
on the utilization of the nitrogen component of infused 
amino acids, favoring protein synthesis and lowering 
ketones. The low dose glucose does not produce a 
change in the level of plasma insulin or glucagon. It, 
therefore, constitutes evidence that itis the energy sub- 
strate, rather than the endocrine set alone, that shuts 
off ketone production and improves nitrogen economy. 

The anabolic effects of adding carbohydrate calories 
to amino acid infusion might conceivably favor only the 
resumption of protein synthesis in one site such as 
muscle, while other resistant pockets of protein 
synthesis in the body were somehow unaffected or 
adversely affected in the face of an over-all improve- 
ment in nitrogen economy. We have no evidence for 
such disequilibrium of protein synthesis. As far as 
muscle is concerned, it is to be emphasized that 
exercise, as well as nutrition and endocrinology, is an 
important aspect in determining total muscle mass and . 
protein synthesis. If protein economy in the body were 
to be improved (as for example by the infusion of 
carbohydrate with amino acids) one might predict that 
the working tissues of the body (brain, liver, 
diaphragm) might be the first to benefit rather than 
being starved out by muscle protein synthesis. This 
would most particularly be true were the patient still. , 
to be bedridden by his illness. 


Glycerol and Fat as Compared with Carbohydrate in. 
Promoting the Utilization of Infused Amino Acid 


As mentioned above, the studies of glycerol were 
commenced in this laboratory to sort out the glycerol 
component of fat emulsions. Glycerol, added to an 
amino acid infusion, reduces the negative nitrogen 
balance of amino acid infusion by about one quarter. 
When fat emulsions (fatty acids plus glycerol) are given 
with the amino acids, the subject exhibits essentially 
Zero nitrogen balance, obliterating almost completely 
the loss of nitrogen noted with amino acids alone. 

The addition of fat emulsion to amino acids has three 
remarkable effects. First, the concentration of free 
fatty acids; triglycerides and glycerolrose to the highest 
levels we have seen and did not appear to have | 
reached a plateau by the eighth day. As the infusion of ^ 
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fat emulsion was at a constant rate, it appears that 
infusion of 3 g/kg/d (2200 + 280 ml/day) into these nor- 
mal subjects was faster than it could be cleared from 
.the blood. While no adverse reaction occurred, con- 
tinued accumulation of circulating fat could be undesir- 
able. The lack of glucose in this infusion may have 
impaired clearance of free fatty acids.?? The higher con- 
centration of free fatty acids, triglycerides and glycerol 
seen with AAFE (as contrasted with FE) may relate to 
the higher dose of fat emulsion in the AAFE group 
(Table 2), to individual variation in the capacity to 
clear fat from the blood stream or to an inhibition of 
the clearance of the fat emulsion by amino acids. 
Secondly, glucagon concentration was higher with 
AAFE than AA or AAGLYC suggesting stimulation 
by the infusion of fat emulsion. Such stimulation 
has been reported previously.? 

However these phenomena might be interpreted, 
the provision of lipid calories with amino acids was 
accompanied by utilization of the amino acids at a rate 
similar to that observed with high dose glucose and 
with normal diet. 

Thirdly, the protein sparing effect of fat emulsion 
when given with amino acids could not be accounted 
for solely or entirely by the available glycerol. The 
improved effectiveness of fat emulsion when given with 
amino acids (as contrasted to their effect given alone) 
is consistent with the improved nitrogen economy con- 
sistently observed whenever amino acids were pro- 
vided (Fig. 5). In addition, the carbon skeletons of the 
amino acids provide gluconeogenic and energy sources 
which can be expected to facilitate metabolism of the 
fat. "E 


Ketones, Ketonemia and the Effect of Additional 
Substrate 


Ketones may arise from several sources. During 
starvation lipolysis, ketones accumulate in the blood, 
presumably as incompletely oxidized fatty acids. 
Oxidation of the branched chain amino acids is also a 
source of ketones.? It has long been considered 
axiomatic that the ketosis of diabetes is the result of 
incomplete oxidation of lipid carbons in the liver, that 
insulin and glucose prevent ketosis and that the ketones 
are oxidized in other issues or excreted. 

Evidence has been brought forward to suggest that 
ketones and ketosis (ketonemia) favor protein econ- 
omy.? This is based on the observation that in late 
starvation the protein economy is characterized by a 
decreasing urinary excretion of nitrogen in the face of 
marked ketonemia. The mere coexistence of the two 
states (ketosis and late starvation nitrogen economy) 
cannot be regarded as cause and effect. The ketosis 


` of starvation occurs rapidly reaching high levels within. 
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four to eight days (as mentioned previously), the very 
time when the nitrogen economy is notably inefficient 
and the body shows the most marked nitrogen losses. 
Because the brain can gradually reach an adaptation 
where it is living largely by the oxidation of ketones, 
the interpretation has been developed that the presence 
of ketones is an abundant source of energy for the 
body. As discussed above, during starvation the 
provision of hypocaloric amounts of carbohydrate al- 
lows most of the energy requirement of the body to 
be met by fatty acid oxidation without any accumula- 
tion of ketones.? 

Sherwin has reported decreased nitrogen excretion 
in subjects infused with sodium B-hydroxybutyrate in 
late starvation.” This ketone infusion resulted in 
decreased alanine concentration suggesting that ketone 


. infusion may have an effect beyond that expected 


with infusion of any energy source. Thus, it is unclear 
whether ketones should be regarded as an energy 
source of special importance in starvation, or merely a 
biproduct of incomplete fat oxidation, which in late 
starvation satisfy the needs of a few special tissues. 
The evidence summarized by Felig!? that the brain 
can burn branched chain amino acids without pre- 
liminary ketoconversion in the liver is in a sense con- 
trary to the concept that the body must have ketone 
production to spare protein hydrolysis in order to sur- 
vive late starvation. Actually, branched chain amino 
acids are abundantly present in the blood in starva- 
tion. The factor that appears to favor their synthetic 
incorporation into protein is not ketonemia but 
rather available carbohydrate. Their disappearance 
from blood during infusion of amino acids is not en- 
hanced by ketosis, as shown in the experiments re- 
ported herein, but rather by the presence of added 
carbohydrate at either low or high dose. 
Summarizing these data on ketosis, it is suggested 
that the presence or absence of ketosis per se is less 
important in its impact on nitrogen economy than the 
availability of carbon compounds for energy. 


Hormone Data 


: The data shown in this paper demonstrate that im- 
proved nitrogen economy can be exhibited at two 
widely different levels of insulin concentration and 
insulin: glucagon ratios. This should not be interpreted 
as meaning that hormones are of little significance 
in the governance of nitrogen economy. There is clear 
evidence here that when insulin is high and the I/G 
ratio is high, nitrogen economy is most readily favored. 
No single endocrine set is absolutely essential for im- 
proved nitrogen economy as demonstrated by the re- 
sults seen in the AAFE group. 

In trauma there is a gradual rise of glucagon.?*47 
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There is evidence that catecholamines inhibit insulin 
production and activity.5*3946 High levels of cortisol 
are seen after trauma. These can synergize with gluca- 
gon to favor gluconeogenesis.? None of the data of 
this paper negates these findings in trauma and stress. 
Such an endocrine alteration should profoundly in- 
fluence body fuel utilization. 

The data herein merely demonstrate that one cannot 
adopt a fixed dogma that high insulin concentration and 
high insulin:glucagon ratios are always essential for 
nitrogen economy and improved protein synthesis. As 
studies progress with traumatized patients, employing 
long balance periods and highly controlled infusion 
mixtures, it will be possible to elucidate both the 
caloric requirement and endocrine milieu for protein 
synthesis under those circumstances. 


Amino Acid Concentration 


Various ways of expressing blood amino acid con- 
centration either alone or in certain combinations or 
ratios to each other are still developmental.*? We have 
contrasted the findings after an overnight fast with 
those observed both in starvation and with the infusions 
given.** 

In starvation, the three branched chain amino acids 
began to rise immediately and reached their peak at 
about three days, thereafter falling down towards a nor- 
mal or slightly subnormal level. Arginine and threonine 
rose progressively over the course of several weeks, 
as did glycine. Methionine and histidine underwent 
little change in plasma concentration during starvation. 
Other amino acids fell progressively, most notably 
alanine as discussed above. 

The control values after an overnight fast constitute 
the ‘‘normal controls” used for this study and for many 
other studies.reported in the literature. In our own 
subjects, those who have eaten a large meat meal the 
evening before may still show a slightly higher plasma 
amino acid concentration than those who have not had 
such intake.* After eating a high protein meal there is 
a transient. modest rise in total amino acid concentra- 
tions.2” This increase suggests that with a protein 
meal, utilization of amino acids is sufficiently rapid so 
that very high concentrations are not observed. 

In the present comparison the most notable effects 
seen from infusion of high dose glucose alone were 
an increase in alanine concentration and a fall in 
branched chain amino acid concentrations. The alanine 
increase could be explained by the diminished need for 
gluconeogenesis with less alanine conversion to 
pyruvate in the liver, and appears to be mediated 
by a lowered glucagon and markedly elevated insulin: 
glucagon ratio. Insulin and glucagon concentrations 
may also mediate the branched chain amino acid 
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changes but direct evidence for this is not provided 
in this study. Low dose glucose is less effective 
in producing this "normalization" of amino acid 
levels. 

The changes with amino acid infusion alone provide 
the background for assessing the impact on amino acid 
infusions of concomitant energy substrates. The princi- 
pal alteration seen with the infusion of amino acids 
(as FreAmine II9) was an abrupt rise in the plasma 
concentration of most of the amino acids present in 
FreAmine?. In most instances an assessment of the 
extent of the rise shows a loose correlation with the 
molar strength of the amino acid in the FreAmine® 
solution. Glycine is present in large amounts in 


'FreAmine? and it rose to high levels rapidly. The 


branched chain amino acids constitute 2095 of the 


. molar strength of FreAmine? and they likewise rose 


abruptly. The fall in alanine concentration was a 
significant exception: alanine was provided in high 
concentration in the infusion but, apparently secondary 
to very rapid gluconeogenesis, fell in concentration. 
Thus, low alanine concentration does not indicate 
restricted gluconeogenesis per se. As previously re- 
ported^ there was an anomalous increase in the 
concentration of phenylalanine and methionine during 
FreAmine® infusion, neither of which is present in 
high concentration. The methionine rise has been sug- 
gested as possibly due to the fact that in FreAmine® ap- 
proximately half of the methionine is present as d- 
methionine.*? 

As shown in Figures 15, 16 and 17 this rise in 
amino acid concentrations in the plasma with amino 
acid infusion was promptly restored to normal post- 
absorptive levels by the administration of glucose, 
either at low or high dose with the FreAmine®, the 


effect being most notable at high dose concentrations... , 


This phenomenon is consistent with a greater uptake 
and utilization of the infused amino acids. The in- 
creases in glycine and methionine seen during amino 
acid infusion were unaffected by the addition of glu- 
cose. 

Glycerol and fat emulsion had an effect on plasma 
amino acid concentrations that was midway between 
the post absorptive level and that seen with the 
amino acid infusion alone. Thus, another metabolic 
distinction between the effects of AAHDG versus ` 
AAFE is seen: a contrasting impact on plasma amino 
acid concentrations. 

In none of these instances did differential urinary 
excretion account for the contrasting plasma amino 
acid concentrations seen among the various groups. 
The plasma changes, therefore, appear to be secondary 
to differences in the metabolism of specific amino 


acids, glucose favoring their synthetic incorporation 
-into protein. 
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Many clinical studies have been carried out to 
elucidate substrate and endocrine interactions. No at- 
tempt will be made here to review these clinical 
observations. It is evident that metabolic changes 
would be expected to vary widely, and often to be 
distinctly different from those observed in normal fast- 
ing man. These data on normal fasting man should 
provide a background against which the clinical find- 
ings may be interpreted. 

Examples of such clinical settings include particu- 
larly the three major situations so commonly requiring 
intravenous nourishment: chronic starvation, acute 
trauma, and febrile sepsis. 

In chronic starvation (without fever), in contrast to 
the results in normal fasting man, several investigators, 
including preliminary studies from these laboratories, 
have shown positive nitrogen balance with infusion of 
amino acids alone, as originally proposed by Black- 
burn.* Our experience suggests that positive nitrogen 
balance with amino acid alone is most likely to occur 
in patients who have been starved for an interval of 
several days or weeks prior to infusion.* In such pa- 
tients the calorie: nitrogen ratio required for protein 
synthesis appears to be lowered. But even here, the 
addition of glucose favors a more efficient E Biogen 
economy.” 

As to trauma including the postoperative state, the 
infusion of glucose at low dose added to an amino 
acid infusion has yielded conflicting results. Greenberg 
reported no benefit from added glucose.?9 Studies over 
many years including patients in the immediate post- 
operative state have shown improved amino acid utiliza- 
tion with added glucose at various dose levels.!*31:3 

High dose glucose (not explored by Greenberg, who 
reported only the effects of 150 g glucose), with amino 
acids, has been generally accepted as effective. Evi- 
dence on the role of fat emulsion in improving the ef- 
ficiency of amino acid utilization has also been con- 
flicting.?5: 

As to acute febrile sepsis the evidence from nitrogen 
losses on beginning oral intake?* would suggest that 
the calorie: nitrogen ratio required for synthesis is 
markedly elevated— particularly so where the total 
daily caloric requirement is itself markedly increased.?? 

It is clear that studies in each of these categories 
must be carried out before one can determine the 
optimal intravenous feeding. Such metabolic deter- 
mination of which mixture might show the best utiliza- 
tion does not address itself to the overriding question 
of clinical need or benefit. Attempting to define those 
patients whose care mandates the use of intravenous 

. nourishment constitutes another and still distinct area 

for research. 
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are all impressed by these well-thought-out, carefully-conducted, 
detailed, and demanding studies. The amount of data in the paper is 
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other hormones, particularly growth hormone, somatostatin, T, 
and reverse T}, and catecholamines. 


Drs. Wolfe and Moore raised the question whether the changes ._, 


in nitrogen balance observed by them reflected corresponding 
changes in over-all net protein synthesis and/or catabolism. Like 
them, I suspect that they do, and in this regard I wonder if Drs. 
Wolfe and Moore had the opportunity to measure potassium and/. 
or sulfur and phosphorus balances in these subjects, since such 
data would help answer this question in terms of over-all protein 
synthesis and breakdown, though not in terms of the synthesis and 
breakdown of specific tissue and organ proteins. 

The striking changes in the plasma amino acids which they have 
Observed, notably the sharp increase in the.branch-chain amino 
acids in the subjects starved or receiving only amino acids, and 
the abrupt decrease in the level of these amino acids when the 


high-dose glucose was given, prompted me to look up some of our - 


data in previously healthy young men wounded in battle, which 
Dr. Wolfe alluded to in his presentation. 

The patients we studied were on less than optimal parenteral 
feeding regimens. They received vitamins, electrolytes, no amino 
acids, moderate carbohydrate, and no fat. In them, the branch-chain 
amino acids were also markedly elevated in the plasma, peaking 
by the third day, which is about the same time that they peak after 
starvation, but remaining high for the next week or so. The levels 
reached were, not unexpectedly, higher than those noted by Drs. 
Wolfe and Moore. 

Most elevated in the plasma, though, we found, was taurine, a 
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compound which changes much less in starvation. Why plasma 
taurine is elevated after injury is not yet known. 

I think that the effect of glucose in eliminating ketosis, even 
when it is given in small amounts so that considerable lipolysis 
and fatty acid oxidation are still going on as pointed out by Dr. Wolfe, 
is likely due to a decrease in ketone formation from the branched 
amino acids themselves following the glucose administration. 

In closing, I would like Drs. Wolfe and Moore to speculate on 
their very last comment, namely, what the findings might be if com- 
parable studies were carried out in severely injured or ill patients, 
specifically in terms of the amino acid infusate employed. In their 
studies, they used (and properly so) the same amino acid infusate in 
all cases since that was: necessary in order to evaluate the other 
variables, e.g., the relative amounts of fat and carbohydrate. How- 
ever, there may well be different requirements for certain amino 
acids by patients with variable types and severity of injury and 
illness..Specifically, there is increasing evidence that the need for 
certain amino acids which are normally considered non-essential, 
that is, from the dietary point of view, such as cyst(e)ine, and 
arginine, may be dramatically increased after injury. And unless 
these are supplied in adequate amounts, optimal protein synthesis 
cannot occur despite the supplying of ‘‘adequate’* non-protein 
calories. 


Dr. BasiL A. Pruitt, Jr. (Fort Sam Houston, Texas): (Slide) 
I think it's important to point out that the disposition and utilization 
of energy and substrates differs considerably in hypermetabolic in- 
jured patients from that in starved, at times hypometabolic patients, 
with the extent of this difference related directly to the severity of the 
injury; in our patients, burn size. The authors find that dietary con- 
stituents, rather than endocrine setting, determine metabolite 
utilization. But is that true in injured man and in septic man? I am 
concerned that they have described what happens in a starved 
patient given nutrients, rather than what happens to nutrients in a 
hypermetabolic patient with a given hormonal alteration. 

We have some evidence, based on studies by Dr. McDougal in 
our laboratory, that isocaloric doses of carbohydrate and amino 
acids—that would be 60 g of each—are essentially equal in their 
nitrogen sparing capacity. 

(Slide) As shown on the next slide, nitrogen sparing is consider- 
ably less in septic patients. That is, there is a greater negative nitro- 
gen balance in septic burn patients per unit calorie or protein 
energy. The effect of fat appears, as Dr. Wolfe has found, to be 
similar to the low-dose glucose curve, and to reflect its glycerol 
content. Important to note in all of these curves is the improved 
nitrogen sparing with addition of nonprotein calories in all the 
patients receiving amino acids. 

As another objective index of the efficacy of carbohydrate 
calories, there is improved hepatocyte function in clearing Indo- 
cyanine green dye in all those patients receiving glucose or glucose 
in addition to amino acids. 

The authors state that the higher the calorie/nitrogen ratio, the 
greater the nitrogen economy; and they did find least urinary nitro- 
gen loss with the 180/1 ratio in the amino acid/fat emulsion group, 
but a lesser ratio, in the 150/1 range, has been recommended for 
injured man. And I wonder if that reflects the importance of endo- 
crine setting and the already elevated glucose flow, rather than the 
diet composition in such patients. 

The authors found that glucagon levels were highest in the 
patients receiving the amino acid/fat emulsion diet in the range 
of 200 picograms per ml. We have observed a beneficial effect of 
glucagon infusion in septic patients, who have responded with an 
increase in serum glucose levels, metabolic rate, body tempera- 
ture, and insulin levels. And I wonder if the authors would recom- 
mend that specific nutritional support regimen for septic hypo- 
glycemic patients. 

It was particularly pleasing to see the authors confirm the bio- 
chemist’s aphorism that the fats burn in the fire of the carbohydrates, 
as they found lesser levels of ketone bodies in those patients re- 
ceiving carbohydrates; perhaps that will dispel some of the currently 
extant mythology in this area. 

These data which they have presented should help all of us in 
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providing improved nutritional support to the surgical patient, and 
for that we are in their debt. 


Dr. JOHN J. SKILLMAN (Boston, Massachusetts): Dr. Wolfe and 
his colleagues have provided us with an important framework con- 
cerning the effect of various mixtures of amino acids, glucose, glyc- 
erol, and fat emulsion in normal subjects deprived of food. Models 
are extremely important, and as the authors carefully point out in 
their manuscript, postoperative patients may be somewhat differ- 
ent in their responses. 

One difference is apparent in comparing the results of their study 
with a recent report in the New England Journal of Medicine by 
Greenberg and Jeejeebhoy from Toronto. These workers studied the 
added effects of hypocaloric glucose or lipid to amino acids in 
postoperative patients, and showed that nitrogen balance was not 
improved when glucose or lipid was added to the amino acids— 
a result that is substantially different than the findings that were 
presented in the elegant studies today. 

Perhaps it is not too brash for me to question the hallowed con- 
cept of nitrogen balance as the traditional measurement which 
reflects the balance between protein anabolism and catabolism. It 
has often struck me that it really only gives one a net figure which 
tells us that nitrogen balance is either positive or negative, without 
telling us what that nitrogen is doing. 

Could retained nitrogen, for example, be simply recycled 
through metabolic pathways which have little to do with protein 
synthesis? This question has led us to begin similar studies to those 
reported here in postoperative patients, using the C4 carbonate tech- 
nique to measure the rate of albumin synthesis as a specific meas- 
ure of the production of a biologically important protein. The re- 
sults of an initial prospective, randomized trial comparing periph- 
erally infused hypocaloric amino acids to glucose in postoperative 
patients showed a significantly better rate of albumin synthesis with 
amino acids, in comparison to glucose. i 

Individuals concerned with the economics of intravenous feeding 
might say: So what? As pointed out by Dr. Wolfe and his colleagues, ` 


‘this is an even more difficult question to answer. 


An interesting point in Dr. Wolfe’s studies is the effect of either 
low-dose or high-dose glucose on the ratio of the branched-chain 
amino acids to total amino acids in serum. Although the nitrogen 
balance data do not suggest that glucose infusion increased the 
urinary excretion of the branched-chain amino acids, it is unclear to 
me from reading their manuscript whether the authors actually meas- 
ured the amino acid profiles in the urine, which might add some 
illumination to the question of their utilization when glucose was 
added. 


DR. PAUL NEMIR, JR. (Philadelphia, Pennsylvania): I would like 
to present corroborative data from Dr. Peter Stein and Dr. Jeffrey 
Oram-Smith and their colleagues at our institutions. 

Using an intravenously fed rat model, they have investigated the 
efficacy of various combinations of parenteral nutrients posttrauma. 
Protein synthesis rates were estimated by using N* as the tracer. 
Four diets were used: (1) adequate in amino acids and calories, 
(2) amino acids only, (3) hypocaloric glucose, (4) hypercaloric 
glucose. 

The rats were acclimatized to the four diets for two days, then 
anesthetized, and a femur fractured. The next day N" glycine 
was added to the infusate, and the rats sacrificed 18 hours later. 
Protein synthesis rates were estimated from the amount of N!5 
incorporated in the tissue protein and the isotopic enrichment 
of the intracellular fluid. 

(Slide) This rather busy slide shows the results. T and C desig- 
nate the control and traumatized rats, respectively. The controls 
were treated in the same way as the traumatized, except they 
were not traumatized. 

If you will just pay attention to the arrows, I believe that this 
slide will be simplified. The green arrows pointing up indicate 
an increase in protein synthesis in that respective tissue in the 
posttrauma state. Conversely, the red arrows pointing downward 
indicate a decrease. 
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The rats fared best on the. adequate diet of amino acids plus 
: glucose, but did quite well on amino acid alone. In contrast, they 
' did ‘poorly with hypocaloric glucose, and even with the hyper- 
caloric glucose they were:unable.to maintain protein synthesis as 
‘well as rats on either of the two amino acid-containing diets. 
"These studies, therefore, rather clearly show that in this model 
additional amino acids.are needed posttrauma, but optimum syn- 
thesis rates are obtained only when calories are provided as well. 


Dr. B. M. WoLFE (Closing discussion): To answer Dr. Leven- 
son, the balance of sodium, potassium, and phosphorus was done. 
I don’ t have all’ of that data immediately in front of me, but it 
: was generally consistent with the nitrogen balance data. 

I could comment to several of the discussants that these studies, 
we hope, provide background data on the effect of the infusions 
on normal man, but do not. permit us to predict what will happen 
in a septic or injured man. Studies of this extent we have not been 
able to complete in injured patients as yet. 

In injured or starved patients, there is clearly a néed for amino 
acids to support protein synthesis. Neither we nor anyone else I’m 
aware of has shown that, aside from adequate essential amino acids, 
the nature of the mix is crucial. 

To comment on Dr. Pruitt’s questions about the endocrine milieu, 


we have tried in normal man, using a similar model, to mimic the . 


catabolic state regarding nitrogen excretion by infusion of glucagon, 
cortisol, epinephrine, and have been unable to increase nitrogen 
excretion to the extent that is seen in sepsis and burns. We con- 
cluded that there are additional factors operative in the catabolic 
state. Some of the discussion this morning would support that. 

We would not recommend giving a nutritional infusion for an 
effect other than its nutritional benefit. If glucagon was needed, 
for example, for another (cardiac) effect, then it could be infused 
as à separate drug. 


WOLFE AND OTHERS 


Ann. Surg. e October 1977 


Dr. Skillman referred to the Greenberg study. That study was 
for the first four days postoperatively, and it may be that if the 
study was carried longer, different results would have been seen. 
Also, there was not a high-dose glucose/amino acid group in that 
study. We cannot conclude from Greenberg that glucose fails to 
support the energetics of peptide bond and protein synthesis. 

Dr. Skiliman has described studies that he is doing to further 
elucidate what we are (or are not) accomplishing with intravenous 
nutrition in patients. It goes beyond nitrogen balance, with very im- 
portant questions of specific protein synthesis, whether visceral func- 
tion is or is not supported, and so on. These are all important 
questions which our data do not address. But the methods are 
coming into use that, hopefully, will provide information along 
theselines. . 

The urine amino acids were examined on certain of the days, and 
clearance studies comparing intake and excretion of amino acids 
done. With the branch-chain amino acids, generally the excretion 
is less than 0.5% of the intake. There is a minimal amount of 
branched-chain amino acid in the urine, and there was no change 
in branched-chain amino acid excretion between amino acids 
alone, amino acids/glucose, or with any other group. So excretion 
does not appear to account for the differences in concentration that 
we have seen. That's generally true with other amino acid changes 
that we have seen as well. 

The N!5 studies are being done in our laboratory, as well as 
others, and provide information on the whole body synthesis and 
catabolic rates, further defining the components of the nitrogen 
balance. We believe, particularly in this group of subjects, that 
nitrogen balance is a valid measure of overall synthésis/catab- 
olism. We are able to account for the changes by the other nitrog- 
enous chemicals in the body; urea, uric acid, creatinine, ammonia. 
These can all be measured. Free amino acids occur in cells in low 
concentrations. So, we do have fairly good information on where 
nitrogen is in the body. We have taken into account any changes 
in urea, for example, in calculating nitrogen balance. 
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O absorption with intraperitoneal instillation of Kantrex is about the same as with 
intramuscular use, while absorption by irrigation is considerably less. High tran- 
sient peritoneal concentrations have not resulted in any local tissue reactions. 


Kantrex—a preferred antibiotic with a precise mode of administration for patients 


with peritoneal soilage or peritonitis. Of course, Kantrex should not be used for 
irrigation or instillation in a routine prophylactic manner; its use is recommended 
only following exploration for established peritonitis or after peritoneal con- 
tamination due to fecal spill during surgery. 
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anesthesia or muscle-relaxing drugs. 
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Warning: The major toxic effect of parenterally administered kanamycin sulfate 
is its action on the auditory portion of the eighth nerve. High frequency deafness 
usually occurs first and can be detected by audiometric testing. Tinnitus or 
vertigo may occur and are evidence of vestibular injury and impending bilateral 
irreversible deafness 

In patients with impaired kidney function, the risk of severe ototoxic reactions 
and permanent deafness is sharply increased. In such cases, the daily dosage 
should be reduced and the interval between doses lengthened. If there is 
evidence of progressive renal dysfunction (increasing NPN, BUN, creatinine 
or oliguria) during therapy, audiometric tests are advised and discontinuation 
of the drug should be considered 

Older patients and patients receiving a total dose of more than 15 Gm. of 
kanamycin sulfate should be carefully observed for signs of eighth nerve damage 

Infants and children generally tolerate the drug well; and when the recom- 
mended precautions are followed, the incidence of toxic reactions is low 

Neuromuscular paralysis with respiratory depression may occur when kana- 
mycin sulfate is administered intraperitoneally concomitantly with anesthesia and 
muscle-relaxing drugs. Although there have been isolated reports of respiratory 
depression following intraperitoneal instillation of kanamycin, there is no 
conclusive proof that this side effect can be produced with recommended doses 
of the drug 

The concurrent systemic use of other ototoxic and/or nephrotoxic drugs, par- 
ticularly streptomycin, polymyxin B, polymyxin E (colistin), neomycin 
gentamicin, and viomycin should be avoided 

The administration of kanamycin sulfate and rapid acting diuretic agents, e.g. 
ethacrynic acid, furosemide, meralluride sodium, sodium mercaptomerin, and 
mannitol (particularly when the diuretic is given intravenously) may cause 
irreversible deafness. Concurrent use of these agents should be avoided 
"Adverse Reactions.'') 


Usage in Pregnancy: Safety of this drug in human pregnancy has not been 
established 
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Contraindications: A history of hypersensitivity to the drug. Prior auditory 
damage by kanamycin or other potentially ototoxic agents may be a contra- 
indication if effective, alternative therapy is available 

THIS DRUG IS NOT INDICATED IN LONG-TERM THERAPY (e.g. Tuberculosis) 
BECAUSE OF THE OTOTOXIC HAZARD WITH EXTENDED ADMINISTRATION 


Warning: See '"Warning'' box above. 


Precautions: Obtain audiograms before and during therapy in patients with 
renal dysfunction when treatment lasts more than 5 days. Stop Kantrex (kanamy- 
cin sulfate) if tinnitus or hearing loss occurs. Hydrate patients to prevent 
chemical irritation of the renal tubules. Assess renal function periodically, both 
before and during therapy. If signs of renal irritation occur (casts, cells, pro- 
teinuria), increase hydration and reduce the dosage or the frequency of dosage 
if necessary. In azotemic patients, the frequency (in hours) of doses may be 
obtained by multiplying the serum creatinine by 9. Ifeazotemia or oliguria occurs 
discontinue therapy. Mycotic or bacterial superinfection may occur 


Adverse Reactions: Nephrotoxicity—albuminuria, presence of white and red 
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Ototoxicity—see box warning. 
Irritation or pain at the injection site, skin rash, drug fever, headache and 
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is fully recovered from effects of anesthesia and muscle-relaxing drugs 
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peritoneal and ventricular cavities 


Supplied: Rubber capped vials as a ready-to-use sterile aqueous solution in 
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In patients with peritonitis in whom you 

suspect septicemia and the gram-negative 
organism isolated from blood is likely to be 
susceptible to tobramycin in your hospital 
setting...you may start therapy with Nebcin 
before you receive results of susceptibility 
studies? In this situation, Nebcin may be 

a great help to you and gain valuable time 


for your patient. 


In proper indications and recommended 
dosages, the general effectiveness of Nebcin is 
well-known. Experience its benefits in treating 
your patients who have peritonitis caused 
by susceptible strains of the indicated gram- 


negative organisms. 


*Due to indicated susceptible organisms. 


+The decision to continue therapy with Nebcin should be 
based on the results of susceptibility studies, the severity 
of the infection, and the important additional concepts 
discussed in the Warnings box on the next page. 


` Please see following page for summary of prescribing information. 
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WARNINGS 
Patients treated with Nebcin should be under close clinical observation, 
because tobramycin and other aminoglycoside antibiotics have an inher- 
ent potential for causing ototoxicity and nephrotoxicity. 

Both vestibular and auditory ototoxicity can occur. Eighth-nerve impair- 
ment may develop if patients have preexisting renal damage and if Nebcin 
is administered for longer periods or in higher doses than those 
recommended. 

Tobramycin is potentially nephrotoxic. Renal and eighth-nerve function 
should be closely monitored in patients with known or suspected renal 
impairment and also in those whose renal function is initially normal but 
who develop signs of renal dysfunction during therapy. Such impairment 
may be characterized by cylindruria, oliguria, proteinuria, or evidence of | 
nitrogen retention (increasing BUN, NPN. or creatinine). Evidence of 
impairment in renal, vestibular, or auditory function requires discontinua- 
tion of the drug or dosage adjustment. 

Nebcin should be used with caution in premature and neonatal infants 
because of their renal immaturity and the resulting prolongation of serum 
half-life of the drug. 

In the case of overdosage or toxic reactions, peritoneal dialysis or hemo 
dialysis will help remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible, and 
prolonged concentrations above 12 mcg. /ml. should be avoided. Urine 
should be examined for increased excretion of protein, cells, and casts. 

Concurrent and sequential use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicin, 
cephaloridine, paromomycin, viomycin, polymyxin B, colistin, and vanco 
mycin, should be avoided. 

Nebcin should not be given concurrently with potent diuretics. Some 
diuretics themselves cause ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 

Usage in Pregnancy— Safety of this product for use during pregnancy 
has not been established. 











Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside 
group. is derived from the actinomycete Streptomyces tenebrarius. Nebcin Injec- 
tion is a clear and colorless sterile aqueous solution for parenteral administra- 
tion. It is stable and requires no refrigeration. 

Indications and Usage: Nebcin is indicated for the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudomonas 
aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole-negative), 
Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter sp., and staphy- 
lococci, including Staphylococcus aureus (coagulase-positive and 
coagulase-negative). 

Nebcin is indicated in the treatment of septicemia; central-nervous system 
infections, including meningitis; neonatal sepsis: serious lower respiratory infec 
tions; gastrointestinal infections, including peritonitis: and serious skin, bone, 
and soft-tissue infections, including burns, caused by the susceptible organisms 
listed above. Clinical studies have shown Nebcin also to be effective in serious 
complicated and recurrent urinary tract infections due to these organisms. 
Aminoglycosides, including Nebcin, are not indicated in uncomplicated initial 
episodes of urinary tract infections unless the causative organisms are not 
susceptible to antibiotics having less potential toxicity. Nebcin may be considered 
in serious staphylococcal infections when penicillin or other potentially less toxic 
drugs are contraindicated and when bacterial susceptibility testing and clinical 
judgment indicate its use. 

Bacterial cultures should be obtained prior to and during treatment to isolate 
and identify etiologic organisms and to test their susceptibility to tobramycin. If 
susceptibility tests show that the causative organisms are resistant to tobramy- 
cin, other appropriate therapy should be instituted. In patients in whom gram- 
negative septicemia, neonatal sepsis, or meningitis is suspected, including those 
in whom concurrent therapy with a penicillin or cephalosporin and an aminogly 
coside may be indicated. treatment with Nebcin may be initiated before the 
results of susceptibility studies are obtained. The decision to continue therapy 
with Nebcin should be based on the results of susceptibility studies, the 
severity of the infection, and the important additional concepts discussed in the 
WARNINGS box above. 

Contraindication: A history of hypersensitivity to tobramycin is a contraindication 
to its use. 
Warnings: See WARNINGS box above. 

“Precautions: Specimens should be collected during therapy for examination, as 
recommended in the WARNINGS box. 

Neuromuscular blockade and respiratory paralysis have been reported in cats 
receiving very high doses of tobramycin (40 mg./Kg.). The possibility that 
prolonged or secondary apnea may occur should be considered if tobramycin is 
administered to anesthetized patients who are also receiving neuromuscular 
blocking agents, such as succinylcholine or tubocurarine 


Cross allergenicity among aminoglycosides has been demonstrated, 

If overgrowth of nonsusceptible organisms occurs, appropriate therapy should 
be initiated 
Adverse Reactions: Nephrotoxicity—Renal function changes, as shown by rising 
BUN. NPN, and serum creatinine and by oliguria, cylindruria, and increased 
proteinuria, have been reported, especially in patients with a history of renal 
impairment who are treated for longer periods or with higher doses than those 
recommended. 

Neurotoxicity— Adverse effects on both the vestibular and auditory branches 
of theeighth nerve have been noted, especially in patients receiving high doses or 
prolonged therapy. Symptorns include dizziness, vertigo, tinnitus, roaring in the 
ears, and hearing loss. 

NOTE: The risk of toxic reactions is low in patients with normal renal function 
who do not receive Nebcin in higher doses or for longer periods of time than 
those recommended. 

Other reported adverse reactions possibly related to Nebcin include increased 
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3mg./Kg./day as soon as clinically indicated. (Refer to Table 1 for 

dosage schedule.) 

Dosage for neonates up to one week of age (normal renal function)— 
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Usual Dose for Maximum Dose for Life- 

Serious Infections Threatening Infections 
For Patient (Reduce as soon as possible) 

Weighing 1mg./Kg.q.8h. 1.66 mg./Kg.q.8h. 
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|, mg./dose ml./dose* mg./dose ml./dose* 
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| 40 88 40 mg. 1] ml 66 mg. 1.6 ml 
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This book serves as a handbook on liver, bile 
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through in this management process. The primary 
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DEXON^ polyglycolic acid suture 
Complete Product information 


DESCRIPTION DEXON polyglycolic acid 
Suture, Synthetic, Absorbable, USP ís a homo- 
polymer of glycolic acid. The sutures are sterile, 
inert, noncollagenous, nonantigenic, nonpyro- 
genic, flexible, and braided. They are colored 
green to enhance visibility in tissue and are also 
available undyed, with a natural beige color. They 
are uniform in size and tensile strength, but are 
smaller in diameter than other Absorbable Surgical 
Sutures of equivalent tensile strength. 


ACTIONS When DEXON is placed in tissues a 
minimal tissue reaction occurs, which is followed 
by a microscopic layer of fibrous connective 
tissue which grows into the suture material. 


Animal studies (subcutaneous tissue in rats, rab- 
bits, and dogs) revealed minimal absorption at 7 
to 15 days, significant absorption at 30 days, and 
maximum resorption at 60 to 90 days; 


Tensile strength, not being a function of the ab- 
sorption rate, may vary from tissue to tissue, de- 
pending in part on the rate of hydrolysis. The 
early tensile strength of DEXON is reported to be 
greater than that of comparable chromic catgut. 
In animal studies (subcutaneous tissue in rats) it 
has been shown that at two weeks post- 
implantation approximately 5595 of the original 
tensile strength of DEXON remains, while at 
three weeks approximately 20% of its original 
strength is retained. à 


INDICATIONS DEXON sutures are indicated 
whenever absorbable sutures and ligatures are 
employed. V 
CONTRAINDICATIONS DEXON is contra- 
indicated where extended approximation of 
tissues under strain must be maintained. 


WARNINGS The safe use of this suture in car- 
diovascular and neural surgery has not been 
established. 


Under certain circumstances, notably ortho- 
pedic procedures, immobilization by external 
support may be employed at the discretion of 
the surgeon. 

Do not resterilize. Discard opened, unused 
sutures. 


PRECAUTIONS Acceptable surgical practice 
should be followed with respect to drainage and 
closure of infected wounds. 


Knots with DEXON polyglycolic acid Suture 
must be properly placed to be secure. Therefore, 
place first throw in precise position for final knot, 
using a double loop; tie second throw square us- 
ing horizontal tension; additional throws may be 
used as desired. 


Skin and conjunctival sutures which remain in 
place for periods of longer than seven days may 
cause localized topical irritation and the exposed 
portion of suture may be snipped off after five to 
seven days as indicated. 


ADVERSE REACTIONS Those reactions that 
have been reported include tissue reaction or in- 
flammation, Fbrous or granulation tissue, wound 
separation and bleeding, and accumulation of 
fluid around subcuticular stitches. 

DOSAGE AND ADMINISTRATION Use as 
required. l 

HOW SUPPLIED DEXON sutures are available 
in sizes 2 through 7-0 dyed (green) and undyed 
(natural), supplied in a variety of cut lengths or 
on ligating reels, non-needled or affixed to the 
various Davis & Geck ATRAUMATIC® needles 
in one and three dozen packages. REV.4/76 
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polyglycolic acid suture... 
the absorbable suture of choice. 





DEXON suture has 
virtually replaced catgut in 
many hospitals around the 
world. There are good 
reasons why. DEXON elicits 
minimal tissue reaction. It 
absorbs more reliably than 
catgut, with complete 
absorption in 60 to 90 days. 
And it sustains its holding 
power until the wound has 


regained sufficient strength, 
thus greatly reducing the 
chance of wound dehiscence 
and incisional hernia. 
DEXON can be used satis- 
factorily in the presence of 
infection, too. It is approved 
for use in the urinary tract 
and meets all U.S.P. 
standards. DEXON suture is 
available in green or beige. 
In just six years DEXON 
suture has been used in 15 
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million procedures in over 
60 countries. And it has 
been documented in well 
over 185 published studies. 
DEXON...the absorbable 
suture acclaimed around the 
world for its uneventful 
healing and wound security. 
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Irritants , Bulk 
May be too harsh. —- DUIKS 
ye Inconvenient dosage 
and may cause 


bloating. 


Salines 
May be unpleasant tasti 


‘Doxidan 4 liquid 

^ Jaxative/stool softener in 
convenient capsule form. 
Doxidan has no unpleasant 
taste, and cannot cause 
embarrassing leakage. 
Doxidan produces safe, 
gentle, reliable evacuation 

in 8 to 12 hours, although 

in some patients occasional - 

cramping may occur. 
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Acid and Endocrine Responses to Meals Varying in pH in 
Normal and Duodenal Ulcer Subjects 


JAMES C. THOMPSON, M.D., JANUSZ S. SWIERCZEK, M.D.* 


Recent studies suggest that duodenal ulcers may develop be- 
-ause of increased drive to secrete acid and decreased effective- 
ness of feedback mechanisms that inhibit acid output. This 
study was designed to compare gastric acid, gastrin, gastric 
inhibitory peptide (GIP) and secretin responses to meals (vary- 
ing in pH) in 12 normal subjects and nine duodenal ulcer pa- 
tients. Acid secretion was measured by an intragastric titra- 
tion method which allows actual measurement of acid response 
to food within the stomach (ten per cent amino acid meal (AAM) 
adjusted to various pH levels, 7—1.5). Blood samples were 
collected at each pH level for radioimmunoassay of gastrin, 
secretin and GIP. Gastric acid and gastrin responses to AAM 
were found to be significantly greater in duodenal ulcer pa- 
tients than in normal subjects. In duodenal ulcer patients, 
acid response to AAM at pH 7 or 5.5 reached 82% of Histalog 
maximum. Decreasing the pH of the meal resulted in a stepwise 
reduction in both acid secretion and gastrin in normal subjects 
and duodenal ulcer patients. At pH 1.5, acid inhibition was 
complete, but gastrin inhibition was partial. Secretin increased 
significantly at pH 1.5; there was no difference in secretin re- 
lease between the groups. Plasma GIP was highest at pH 7 in all 
individuals. Use of a marker substance showed 80% recovery 
of AAM at pH 7-4; below pH 4, recovery rose to about 90%. 
We conclude that gastric acid and gastrin release are pH- 
dependent in normal and duodenal ulcer subjects. Inhibition 
of gastric secretion by acidified meals is associated with a pH- 
dependent suppession of gastrin and GIP levels and elevation 
of plasma secretin. This study confirms increased acid and 
gastrin responses in duodenal ulcer patients but shows no evi- 
dence of defective feedback inhibition of gastric secretion and 
gastrin release. 


XPERIMENTAL AND CLINICAL studies have clearly 
E established that gastrin release from the antrum is 
inhibited by acid. 14:15:19? Secretin, which is released on 
duodenal acidification, has the capacity to suppress 
acid secretion by the parietal cell??? and to inhibit the 
food-stimulated release of gastrin.?7? This feedback 
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mechanism can be demonstrated in man and dogs ex- 
perimentally,? but there has been no demonstration 
of the release of secretin by an acidified meal in man. 

Walsh and colleagues?’ found that a protein meal 
maintained with an intragastric pH of 2.5 suppressed 
gastric secretion and gastrin release more effectively 
in normal subjects than in duodenal ulcer patients. One 
possible explanation for this blunted feedback is the 
suggestion by Bloom and Ward? that secretin release 
was impaired in ulcer patients. Whether the increased 
drive to secrete acid is due to, or associated with, a 
decreased effectiveness of the feedback mechanism 
between antral pH and the release of gastrointestinal 
hormones, is not certain. The purpose of this study was 
to compare gastric acid output and endocrine responses 
to meals varying in pH in normal subjects and duodenal 
ulcer patients. 


Materials and Methods ! 


This study was carried out in 12 normal subjects 
(laboratory workers and medical students) with a mean 
age of 32 years (range 21—34) and nine patients with 
well-established chronic duodenal ulcer disease, with 
a mean age of 45 (range 22-64). None of the patients 
had had a prior gastric operation or a recent complica- 
tion, nor did any patient have symptomatic or radio- 
graphic evidence of pyloric obstruction. 

Informed consent for participation in the study was 
obtained from each person. Ten of the 12 normal sub- 
jects and seven of the nine ulcer patients were men. For 
comparison of gastric secretory responses, a routine 
Histalog test was performed in the duodenal ulcer 
patients. 


Technique of Intragastric Titration 


After an overnight fast, subjects were intubated with 
a biluminal nasogastric tube (Salem?). After residual 
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Fic. 1. The scheme of an automatic intragastric titration system. 


gastric contents were discarded, secretion was col- 
lected for 30 minutes. The rate of acid secretion was 
measured by an intragastric titration technique? (modi- 
fied by the addition of a mixing chamber as suggested 
by Konturek [personal communication] and applica- 
tion of a method of measuring gastric emptying).? Fig- 
ure 1 shows a scheme of the technique. 

The nasogastric tube was used for continuous suc- 
tion of gastric contents and reinfusion of the test meal 
into the stomach. Both ends of the nasogastric tube 
were connected to large polyvinyl tubes (internal diam- 
eter, eight millimeters), which were attached to a titra- 
tion chamber with a volume of 800 ml. The gastric con- 
tents were mixed constantly by means of a Harvard? 
peristaltic pump, to which both polyvinyl tubes were 
connected before entering the chamber. The pump was 
set to deliver about 500 ml/15 minutes. 

In order to prevent overloading or development of 
high pressure within the stomach, a 500 ml reservoir 
was connected to the tube used for reinfusion of the 
test meal. The reservoir, which functioned as a safety 
valve, was maintained at 20 cm above the supine pa- 
tient. To enhance mixing, a magnetic stirrer was placed 
under the chamber, so that the gastric aspirate was 
readily mixed with the NaOH delivered by the auto- 
burette. The glass-calomel electrode was positioned in 
the chamber and connected to a pH-stat assembly (ti- 
trator [TTT-11], pH meter, autoburette [ABU 13], 
all Radiometer,® Copenhagen). 

Acid secretion was stimulated by introduction of 
400 ml of a ten per cent amino acid solution (caseine 
hydrolysate + one per cent DL-tryptophan, Stuart 
Pharmaceuticals, Wilmington, Delaware) adjusted to 
pH 7.0, 5.5, 4.0, 2.5 or 1.5. The test amino acid meal 
(AAM) was initially maintained in the stomach at pH 
7.0. The AAM was held at the same pH for 45 min- 
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utes before it was aspirated to a mixing chamber to 
measure the volume and to adjust it to a preselected 
pH with concentrated (about 12 N) HCl. The pH was 
changed sequentially from 7 to 1.5. 

Gastric acid output was estimated by the amount of 
1.0 N sodium hydroxide (titrated continuously into the 
chamber) that was required to maintain a preselected 
PH level. Acid secretion for the last 30 minutes of each 
45-minute period was taken as the actual output at each 
PH level. 

During intragastric titration, gastric emptying can be 
estimated roughly from the volume of the gastric con- 
tent aspirated into the mixing chamber after a fixed 
interval. A more exact method is necessary for actual 
quantification of loss of AAM into the duodenum. A 
nonabsorbable marker was added to compensate for 
dilution of the test meal by gastric secretion and 
titrated sodium hydroxide. The test meal used in our 
study initially contained five grams per liter of poly- 
ethylene glycol 4000 (PEG) as a recovery marker. To 
overcome the accumulation of error in dye dilution 
methods, a double sampling technique was applied.? 
PEG was measured by a modification of the method of 
Boulter and McMichael.? 

After five minutes of mixing at the beginning of each 
45-minute period, a test meal sample for PEG determi- 
nation was aspirated from the gastric outlet tube by a 
small syringe. At the end of this test period, the stom- 
ach content was again sampled. Immediately, five milli- 
liter of ten per cent PEG was added to the stomach and 
another sample aspirated. 

Under these conditions, calculations of volume are 
as follows: 


where: V, — volume of the test meal to be determined: 
V, = volume of the measure of marker to be added 
to V, (five milliliters); C, = initial concentration of 
PEG in the test meal (five grams per liter); C; = concen- 
tration of PEG to be added (ten per cent); C, = final 
concentration of PEG in the test meal (to be measured?). 
The volume of gastric content is calculated by the fol- 
lowing formula: 


Vac =V; = (Ve + Vr) 


where: Voc = volume of gastric content to be deter- 
mined; V, = total volume of the circulating test meal; 
Vec = amount of meal in the mixing chamber (400 ml); 
V4 = capacity of the tubes (60 ml). 

Pyloric loss of the test meal at the end of each period 
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was expressed as the percentage of the initial volume 
infused into the stomach. 


‘Endocrine Assays 


Blood samples were drawn under basal conditions 
and every 30 minutes after introduction of the test meal 
into the stomach. Blood samples (five milliliters) were 
collected in the presence of Aprotinin (Trasylol,® 
400 K.I.U.) and heparin (200 U), and centrifuged im- 
mediately at 4? at 4000 rpm for 15 minutes. Gastrin," 
secretin,?! and GIP* levels were determined by specific 
radioimmunoassays. 


Statistical Analysis 


Results were expressed as the mean plus or minus 
one standard error. In the calculation of significance 
of differences found within a group (e.g., differences 
between basal and stimulated levels in the same sub- 
jects), the Student ‘t’ test for paired values was used. 
Significance of differences between control and ulcer 
groups was calculated by means of the 't' test for un- 
paired values. Correlation was determined by use of 
linear regression analysis. Differences with ap value of 
less than 0.05 were considered significant. 


Results 
Reproducibility of the Method 


Reproducibility was assessed in three normal sub- 
jects stimulated by the test meal at pH 5.5 for 60 min- 
utes. Figure 2 shows the results of duplicate tests. Dur- 
ing the first 15 minutes, the rate of acid secretion varied 
slightly, but in three subsequent 15-minute periods, 
there was good agreement between duplicate tests. 


"Meal-stimulated Gastric Secretory and Hormonal 
Responses 


. Administration of a test meal, adjusted to pH 7, into 
the stomach resulted in an abrupt rise of acid secretion, 
which reached 82% of the maximal output on Histalog 
stimulation (which was 18.4 + 3.1 mEq/30 minutes) in 
duodenal ulcer patients (Fig. 3). Rates of gastric secre- 
tion at pH values ranging from seven to four were sig- 
nificantly greater. in duodenal ulcer patients than in 
controls. In both groups of subjects, acid output 
showed a progressive reduction with diminishing pH 
levels of the meal. At pH 2.5 and 1.5, acid secretion 
was almost completely abolished in all subjects in both 
groups. 


* Reagents for GIP assay! were purchased from Dr. J. C. Brown, 
Vancouver, British Columbia. 
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Fic. 2. Ten per cent amino acid meal, pH 5.5. Reproducibility of 
the method tested in three normal subjects expressed in mEq of 


H*/30 minutes in duplicate tests. 


Mean changes in plasma gastrin are shown in Fig- 
ure 4. The test meal caused significantly greater in- 
creases in plasma gastrin concentrations in duodenal 
ulcer patients at each time period and at each pH level 
in comparison to normal subjects. With the lowering of 
PH from 4 to 1.5, there was a stepwise decline of gastrin 
in both groups. 

As shown in Figure 5, there was a correlation 
(r = 0.65) between the gastrin response and the mean 
rate of acid secretion in duodenal ulcer patients when 
the meal was adjusted to pH 7 and 5.5. In normal sub- 
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Fic. 3. pH levels of ten per cent amino acid meal. Mean gastric acid 
secretion in response to an amino acid meal varying in pH in duo- 
denal ulcer (9) and normal subjects (12). Asterisks indicate: * — sig- 
nificant increase over basal levels; ** — significant difference be- 
tween duodenal ulcer and normal subjects; *** = significantly less 
than peak. 
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in response to an amino acid stimulation in duodenal ulcer patients 
(9) and normal subjects (12). Asterisks indicate: * — an increase 
above basal values; ** — significant difference between duodenal 


ulcer and normal subjects; *** — significantly less than peak and sig- 
nificant difference between duodenal ulcer and normal subjects. 


jects, correlation (r = 0.27) of serum gastrin and acid 
secretion was not significant. 

Plasma secretin levels revealed no changes when the 
test meal was at pH values from 7.0 to 2.5 (Fig. 6). Ad- 
ministration of the meal adjusted to pH 1.5, however, 
evoked release of secretin, which was not significantly 
different in normal subjects than in duodenal ulcer 
patients. 

Plasma GIP concentrations determined in four duo- 
denal ulcer patients and in six normal subjects are 
shown in Figure 7. The test meal elicited a statistically 
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higher GIP response only in duodenal ulcer patients at 
pH 7.0. The pattern of GIP release appeared similar in 
all patients, with a tendency toward lower response 
with acidification of the meal. 


Gastric Emptying 


Effect of the test meal at different pH levels on gastric 
emptying is shown in Table 1. The percentage of the 
meal remaining in the stomach was relatively constant 
at all pH levels, but increased at pH 2.5. (Only two de- 
terminations in each group were made at pH 1.5; the 
results were similar to those at pH 2.5). The best re- 
covery of the gastric content occurred after intro- 
duction of the more acidified meals into the stomach; 
the difference, however, failed marginally to achieve 
statistical significance. 


Discussion 


Acid secretion measured by an automatic intragastric 
titration method can be estimated accurately at con- 
stant and controlled levels of gastric pH. Keeping the 
PH level stable above four, rather than allowing se- 
creted acid to lower the pH of gastric contents, can 
exert some unphysiologic effects. Firstly, it may speed 
gastric emptying. Second, it inhibits peptic digestion 
and generation of additional buffer. Third, it probably 
augments antral gastrin release in response to the test 
meal and distention of the stomach wall.” 

With the intragastric pH maintained at 7 and 
5.5, the rate of gastric secretion in the duodenal ulcer 
patients was found to be about three times the rate in 
the healthy control subjects. This exaggerated response 
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`G. 7. pH levels of ten per cent amino acid meal. Plasma GIP re- 
ponse to an amino acid meal adjusted to pH 7.0— 1.5. Asterisk indi- 
ates significant elevation above basal levels. 


o an amino acid meal confirms previously reported 
1yper-responsiveness of patients with duodenal ulcer.?5 

When the pH of a test meal was decreased in a step- 
vise manner, gastric acid output was gradually sup- 
ressed to near total at pH 2.5 (and below) in both con- 
rol subjects and ulcer patients. Walsh and colleagues?’ 
ound that, in comparison to normal subjects, duodenal 
icer patients maintained abnormally high rates of acid 
ecretion when the intragastric meal was maintained at 
»H 2.5 for two hours. Under these conditions, ulcer 
'atients experienced only 30% suppression of maximal 
icid output, whereas in normal subjects suppression 
vas 7096. The different degree of inhibition of gastric 
ecretion at pH 2.5 may be a function of time: we kept 
he meal in situ for 45 minutes, whereas Walsh and 
olleagues?? did for 120 to 180 minutes. When they 
neasured secretion at one hour, they found 40% inhibi- 
ion in both normal and ulcer subjects. 

In a study more analogous to the present one, Kon- 
urek and colleagues? reported complete inhibition of 
rastric acid output in six duodenal ulcer patients in 
vhom the stomach was perfused for 30 minutes with a 
en per cent peptone solution at pH 1.0. It should be 
ioted that the degree of suppession of gastric acid 
ecretion in response to lower pH levels may be 
ffected by the type of food itself and the concentra- 
ion of a given meal.?? 

It has been suggested that estimation of acid secre- 
ion may be erroneous at pH 227 (or lower) because 
f the buffer effect of acidified amino acids. Konturek 
in unpublished studies from our laboratory) demon- 
trated that this error is avoidable if NaOH is sub- 
tituted for NaHCO, as the titrant. 

The increment in gastrin release in response to AAM 
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was found to be much higher in duodenal ulcer patients 
than in normal subjects, which corroborates previous 
reports./522?7 This increment declined with dimin- 
ished intragastric pH levels. At pH 2.5, gastrin inhibi- 
tion was only partial and remained higher than basal. 
Thus, reduction in acid secretion at the lower pH levels 
occurred earlier, and was more complete, than the sup- 
pression of gastrin release. 

Even though the gastrin levels at pH 2.5 and 1.5 were 
higher in ulcer patients than in control subjects, the 
per cent inhibition from peak level is actually greater 
in ulcer patients. This finding is in contrast to that of 
Walsh and colleagues,” who reported diminished acid 
inhibition of gastrin release in ulcer patients. The diver- 
gent findings in the two studies may be due, at least in 
part, to the different conditions of the experiments. 

The correlation between the rise in serum gastrin 
concentration and the rate of acid output (Fig. 5) sug- 
gests that, in ulcer patients at least, gastrin functions 
as the important mediator of the chemical phase of gas- 
tric secretion (in the pH range 7-5.5). 

In the present study, the amino acid meal irrigated 
the oxyntic gland area as well as the area of the gastrin- 
producing cells. Pepsin-digested protein and peptone 
meals are known stimulants of gastric secretion by 
direct action on oxyntic glands!? and by causing re- 
lease of gastrin from antral and duodenal G-cells.!'? The 
finding that stepwise diminution of the intragastric pH 
caused an earlier and more profound suppression of 
acid secretion than of gastrin release shows that G-cells 
and parietal cells have different susceptibility to low pH 
levels, and further, that acid suppression of parietal cell 
output is not totally dependent upon withdrawal of 
gastrin stimulation. These findings support the sugges- 
tion of Konturek and colleagues’? that acid directly 
inhibits the parietal cell by diminishing its response to 
endogenous and exogenous stimulation. 

The relatively high gastrin concentrations at pH 2.5 
are due, at least in part, to incomplete inhibition of 
gastrin release by an acidified meal, as previously re- 
ported by Chayvialle and colleagues.? Another con- 
sideration is that the release mechanisms for larger, less 
biologically potent molecular forms of gastrin may be 
less sensitive than those of the smaller, active forms 
to intraluminal pH changes. 

The decrease of gastric acid response and gastrin 


TABLE 1. Recovery of Intragastric Meals Expressed as a Percentage 
of PEG Recovered From the Stomach at Each pH Level 








pH 7.0 5.5 4.0 2.5 
Normal 82 + 4.1 79 + 5.7 82 + 3.1 90 + 2.3 
DU patients 84 + 4.6 87 + 3.2 82 + 6.1 96 + 1.5 
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release to an amino acid meal at pH 1.5 was combined 
with significant increase of plasma secretin level. The 
observed changes in secretin release are probably due 
to an acidification of the duodenal mucosa by the test 
meal entering the duodenum. Thus, secretin might be 
responsible, at least in part, for the inhibition of gastric 
acid’? and gastrin release.” 

The role of secretin in the regulation of gastric secre- 
tion remains uncertain because of failure to detect 
secretin release by radioimmunoassay during normal 
alimentation. Bloom and Ward? found that duodenal 
acidification produced smaller increments of plasma 
secretin in duodenal ulcer patients as compared to nor- 
mal subjects. Isenberg and colleagues,’* however, 
reported no defect in secretin release in ulcer patients, 
a finding which we corroborate. 

Intraduodenal perfusion of amino acids releases 
GIP,” another potent inhibitor of gastric secretion* 
and of gastrin release.?9 The GIP response to an amino 
acid meal introduced into the stomach reached the high- 
est level at pH 7, so that it is probably not involved in 
any acid inhibition mechanism. GIP release was not 
blunted in patients with duodenal ulcer, which corrobo- 
rates the findings of Creutzfeldt and colleagues.* 


Summary 


Our studies indicate that: 1) gastric acid and gastrin 
release are pH-dependent in normal and duodenal ulcer 
subjects; 2) inhibition of gastric secretion by an acidi- 
fied meal is associated with a pH-dependent suppres- 
sion of gastrin release; 3) gastric acid and gastrin re- 
sponses are greater in duodenal ulcer patients than in 
normal subjects; 4) feedback inhibition of gastric secre- 
tion and gastrin release is not defective in duodenal 
ulcer patients; and 5) an amino acid meal at pH 1.5 re- 
leases secretin in similar amounts in normal subjects 
and in duodenal ulcer patients. 

We conclude that there are enhanced gastric acid and 
gastrin responses to food in duodenal ulcer patients. 
We found no evidence for defective feedback inhibition 
of either gastric secretion or gastrin release. 
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DISCUSSION 


Dr. STANLEY R. FRIESEN (Kansas City, Kansas): I'd like to make 
a brief commentary on this paper, to point out why I think it’s an 
important contribution. First of all, the authors have measured a 
neuroendocrine response to eating at different environments of pH, 
and they are measuring the changes that are operating in homeostasis 
within the enteroinsular axis. These are normal responses (normal 
responses of G-cells and other cells in the upper gastrointestinal 
tract) in response to the stimulus. They have also provided a bit of 
evidence regarding the pathogenesis of duodenal ulcer. 

Such studies need to be done, because they provide a baseline 
for further studies involving the rest of the hormones; I 
suspect Dr. Thompson is already involved in this. Some of these 
studies have been done, and we have studied these hormones, as 
well as the response of insulin to the various pH’s within the 
stomach and duodenum. 

But, more importantly, Drs. Polak, Welbourn, and Pearse, I think 
this is unpublished, have also carried out studies in animals in 
which they correlated the immunofluorescence of the secretin cells 
of the duodenum with tissue secretin and plasma secretin upon 
acidification of the duodenum, and they found correlating values, 
which would substantiate what you have presented here, Dr. 
Thompson. They did this in animals; they have not done it, as far 
as I know, in normal and duodenal ulcer patients. 

In this study, the responses, even in duodenal ulcer patients, are 
what one would expect with the concept of normal homeostasis, 
even though a duodenal environment of chronic acidification by 
gastric hyperacidity surely, with time, must push homeostasis to 
the limit. It remains to be shown, however, what the ultimate effect 
of chronic acid environment will be on the duodenal secretin or 
pancreatic islet cell response. 

To illustrate what I'm trying to say about chronic stimulation 
or chronic environment of hypersecretion of acid in the duodenum, 
Fd like to tell you about a patient I'm currently involved with, 
which illustrates this phenomenon. This is a patient I’m studying 
prospectively in whom, five years ago, I carried out a vagotomy 
and antrectomy for duodenal ulcer disease. He had had acid and 
serum gastrin values typical of duodenal ulcer at that time. The 
vagotomy and antrectomy are complete, as far as we can determine, 
on various parameters, physiologic and histologic parameters, with 
no acid responses to Histalog or insulin hypoglycemia post- 
eperatively for two years. 

Then, however, there began to be symptoms of stomal ulcera- 
tion, recurrent hyperacidity, pH down to 1.5, and a rising serum 
gastrin from normal levels of 50 and then to 500. Over a two-year 
period to the present time, serum gastrin levels have risen to 1000 
picograms per ml. These are prospective studies. 

We have considered these findings to be typical of the 
ulcerogenic tumor. On cimetidine his acid levels are now again 
zero, but his serum gastrin levels continue to be up over 1000. The 
secretin response is now abnormal for the first time. So I expect 
to operate on this patient soon, because he certainly has de- 
veloped abnormal responses, out of homeostasis, as compared 
to his homeostatic situation earlier. 


Dr. THOMAS TAYLOR Wuire (Seattle, Washington): I was inter- 
ested in this paper because it relates to a number of other 
physiologic phenomena as well; for example, there is only a very 
slight increase in secretin with a low pH, and the assumption is that 
at least some of the acid is going into the duodenum during this 
experiment. This fits in with the notion that it's not so much the 
low pH which causes the increase in secretin production, but food 
going into the duodenum. 

Secondly, I would like to know whether or not the demonstration 
of a high gastrin level also indicates that there might be a high 


cholecystokinin level? This may be another way of demonstrating 
an increased incidence of galistones in the duodenal ulcer patient. 


Dr. LLovp M. Nvuus (Chicago, Illinois): This technique of 
gastric analysis is remarkable, and, indeed, will open new vistas for 
us. The inhibitory feedback mechanism is of interest. There is such 
an immense amount of information that we need to gather. The 
inhibitory side of the equation may be found, at least to some 
degree, in the apud cell system. These cells of the neuroendo- 
crine system of the gastrointestinal tract are literally filled with 
dense-core materials (active biogenic amines) such as catecholamine 
and serotonin. Dr. Thompson's studies and our own interest in this 
gastrointestinal neuroendocrine system will help to resolve many of 
our questions relative to inhibition of gastric secretion. 


Dr. FRANK G. Moopy (Salt Lake City, Utah): Dr. Thompson, 
there is a question in my mind about your methodology, and this 
relates to the fact that the amino acid at pH 7 is a buffer, and, 
in tum, is capturing some of the hydrogen ions which are 
being secreted. But when you then acidify your amino acid 
meal, you are overcoming that buffer, and you may, indeed, 
be losing, or not detecting, some acid that is being secreted. 
I wonder if you would comment on that very important technical 
point. 


Dr. James C. THompson (Closing discussion): Dr. Friesen, 
as you suggested, we are working on insulin and glucagon, 
and we have some preliminary evidence to support the hypothesis 
that was advanced by Dr. Breuer, that the abnormalities in 
glucose metabolism after gastric resection may be due to some 
loss of signal from the antrum to the secretin-releasing mechanism. 
We have found that the changes that occur in insulin and 
secretin rélease can be obviated if we give an exogenous dose of 
secretin, which is exactly what Dr. Breuer suggested in a couple of 
articles in Gastroenterology that were published several years ago. 

Dr. White, the mechanism for release of secretin is really 
mysterious. Every radioimmunoassay now available fails to show 
release with food; they show release only with pH. The pH that 
you have to achieve in order to release it is really quite low, less 
than four, and the majority of the secretin cells are located in the 
distal duodenum that never see a pH of three. We have recently 
improved our secretin assay and we are now able to reliably show 
(for the first time) release of secretin after food. . 

There is a very brisk bicarbonate response after eating a meal, 
and we all thought that this was due entirely to secretin release. 
What it apparently is due to is a very small amount of secretin 
released, an amount not sufficient to be detected by most radio- 
immunoassays, at least, which is synergized by a considerable 
amount of CCK. CCK itself, cholecystokinin, does not release 
bicarbonate and water, but, apparently a very small amount of 
secretin, when synergized by CCK, is a very effective stimulant of 
bicarbonate secretion. 

The other question of Dr. White’s: Do high levels of gastrin 
correlate with CCK? We don’t know from these data, because we 
have exhausted our ‘current CCK antibody. One of the problems 
in this whole business is that you have antibodies, and then 
after you deplete your antibodies, you have to go back and try to 
make new ones. We apparently had a unique antibody for chole- 
cystokinin, in that it was not inhibited by competing materials 
within plasma. I think we now have a new good CCK antibody. 
We do have information with our older antibody that meals do re- 
lease CCK, but I can’t make any observation on it, because I 
don’t know how they conform temporally or in a pH fashion with 
the release of gastrin. 

I appreciate Dr. Nyhus’ remarks. The method of intragastric 
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titration, of course, was devised by Drs. John Fortran and John 
Walsh, and reported in the Journal of Clinical Investigation two 
or three years ago. I think it does have important applicability in 
the study of duodenal ulcer patients, because it allows us to study 
the one physiologic stimulant of gastric secretion, namely, intra- 
gastric food. 

You are talking about all of the newer things that are available, 
and I think the development by Dr. Bernard Jaffe of a very sensi- 
tive radioimmunoassay for serotonin is going to allow us to study 
the role of serotonin in these mechanisms. 

Dr. Frank Moody asked the important question about the loss of 
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buffer capacity of amino acids. That’s why pure amino acids 
were selected, because you can study them at low pH levels. 
If you study peptone at very low pH levels, you lose the titra- 
tion techniques, because of their very pronounced buffer capacity. 
In fact, we titrated equal amounts of this amino acid solution and 
peptone broth, and we got exactly the same results in vitro, but in 
vivo we needed to use a nonbuffered technique for this. 

Also, if you do use either amino acids or peptone, you must 
use sodium hydroxide as your base, because sodium bicarbonate 
will get involved in the buffer system, and you'll never be able to 
extricate it. 
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Clinical course of patients with head injuries. 
Acute abdominal condition. These products or other narcotics 
may obscure the diagnosis or clinical course of acute abdomi- 
nal conditions. 
Special risk patients. Administer with caution to certain patients 
such as elderly or debilitated patients and those with severe 
impairment of hepatic or renal function, hypothyroidism, 
Addison's disease, or prostatic hypertrophy or urethral stricture. 
ADVERSE REACTIONS: Most frequently include lightheaded- 
ness, dizziness, sedation, nausea, and vomiting; more promi- 
nent in ambulatory than in nonambulatory patients; some may 
be alleviated if patient lies down; others include: euphoria, dys- 
phoria, constipation and pruritus. 
DRUG INTERACTIONS: CNS depressant effect may be additive 
with that of other CNS depressants. See Warnings. 

For symptoms and treatment of overdosage and full prescrib- 
ing information, see package insert. 
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EMPRACET 
C CODEINE '4 


Each tablet contains: codeine phosphate, 
60 mg (1 gr) (Warning—may be habit-forming); lll 
and acetaminophen, 300 mg. 


Our new non-aspirin/ 
codeine analgesic for moderate 
to severe pain. 


New peach- colored Empracet 6 Codeine #4 
offers a potent alternative for patients in whom 
aspirin is not indicated. 

Unlike compounds containing oxycodone 
which afford comparable analgesia, new 
Empracet € Codeine # 4 gives you CIII prescribi " 
convenience—up to 5 refills in 6 months at your ' ` 
discretion (where state law permits). And, prescrib- 
ing by telephone is permissible in most states. 
Moreover, new Empracet 6 Codeine #4 has less 
addiction potential than does oxycodone. 

For those of your patients requiring a less potent 
analgesic, non-aspirin Empracet? č Codeine #3 
provides effective relief of moderate pain. 


Burroughs Wellcome Co. makes codeine combination products. You make the choice. 


Burroughs Wellcome Co. 
Research Triangle Park 
North Carolina 27709 
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VERSATILE INSTRUMENTS 
FOR THE VASCULAR LABORATORY 





VERSATONE® BI-DIRECTIONAL DOPPLER MODEL D9 
Used with one of four plug-in probes, MedSonics Bi- 
directional Doppler employs ultrasound and the Doppler 
shift principle to detect blood flow and to distinguish the 
direction of flow. It provides explicit separation of advanc- 
ing and receding blood flow, even in the presence of simul- 
taneous flow in two directions. The Model D9 has a variety 
of outputs, including built-in loudspeaker, stereo head- 
phones, tape recorder jacks, and calibrated outputs for 
graphic recording. Three pencil type probes (5MHz, 8MHz 
and 10MHz) and one flat probe (5MHz) suitable for taping 
in place are available. 








VERSATONE TWO-CHANNEL CHART RECORDER 
MODEL R12A The VERSATONE two-channel Chart Re- 
corder is used to chart the Doppler signals of forward and 
reverse blood flow from the Model D9 Bi-directional Doppler. 
This Recorder can also chart an ECG signal, by itself or 
mixed with a Doppler signal. An optional, built-in ECG pre- 
amp is available. In addition, the R12A accepts many other 
"high level" physiologic signals you may wish to record, 
including those obtained from MedSonics PPG equipment. 


For more information on these and other instruments 
for the vascular laboratory, call or write: 


MEDA RONS 




























PHoroPuLse?* PPG SENSORS AND MODEL PA13 
ADAPTOR The PHOTOPULSE photoplethysmograph (PPG) 
provides a sensitive means of detecting blood volume 
changes in the microcirculation close to the skin's surface. 
It may be applied to those parts of the body with good 
capillary beds, including digital pads, where it can be used 
to monitor pulse. The PPG also is used in a non-invasive 
procedure to detect significant obstruction of the extracra- 
nial internal carotid artery. Two PHOTOPULSE sensors are 
placed under a head band over each supraorbital area to 
record volume changes that occur when a series of com- 
pression maneuvers are carried out. 

The PA13 adaptor allows the use of two PPG sensors 
with the R12A recorder or with other laboratory chart re- 
corders. 


MedSonics, Inc. * 340 Pioneer Way, PO. Box M * Mountain View, CA 94042 
Toll-free telephone 800 227-8076 * In California, call collect (415) 965-3333 
Telex: 33-4448 * Cable: MEDASONICS 
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Broad-spectrum microbicidal action — 

the same as in BETADINE microbicides 

chosen by NASA for the Skylab mission and 

for the Apollo 11/12/14 splashdowns — 

is found in BETADINE Ointment. 

m Kills both gram-positive and gram-negative 
bacteria (including antibiotic-resistant strains), 
fungi, viruses, protozoa and yeasts. 

m Does not block air...site can be bandaged 

... Virtually nonirritating and nonstinging...does 
not stain skin and natural fabrics. 

Purdue Frederick 


©COPYRIGHT 1974, THE PURDUE FREDERICK COMPANY 
NORWALK, CONN. 06856 157374 A7785 


Packette 1/8 oz. 
Single-use size for 
degerming small skin 
areas, as in the case 
of hyperalimentation 
and catheter care. 


f 


| i BETADINE ointment 
y” " E. 


% A Tube 1 oz. 

Packette 1/32 oz. A Multiple-use size for treating 
Single-use size for kh common skin infections... 
degerming small skin preventing infection in 


„areas, as in the case of : lacerations, abrasions and 
umbilical cord care and eS ADINE burns. 
circumcision. i 


povidone-iodine 
: Jar 1 Ib. (also available 
ANTISEPTIC-GERMICIDE Bawa 
NET WT. 16 OUNCES (1 LB.) Heavy-use size for treating 
infected stasis ulcers... burns 
... extensive skin areas... or 
for prolonged treatment. 
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BROAD-SPECTRUM MICROBICIDAL 
TIME SAVERS 


BETADINE “disposables” 


BETADINE “disposables” provide the broad-spectrum microbicidal action of 
BETADINE Microbicides in convenient disposable units. They are virtually nonirritating 
to skin and mucosa and do not stain skin and natural fabrics. 


Ready-to-use, BETADINE “disposables” save time required to saturate mate- 
rials with antiseptic, or to apply small quantities from large containers. Purdue Frederick 









For degerming skin and mucosa in urinary 
catheterization, cuts, minor wounds and 
umbilical care rass 


For degerming cuts, minor 
wounds, lacerations, suture 
and injection sites 


Microbicidal dressing 
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E BETADINE 
B Solution 
SWAB AID 


For preoperative scrubbing * 
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For antisepsis on skin, 
mucosa, wounds and burns 


For preoperative scrubbing 
and general skin and hand 
degerming* * 


For degerming small skin areas, 
as in |.V. therapy, hyperalimen- 
tation and urinary catheterization 
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Bacteroides 


may be implicated 

in a number of clinical situations, 

including... 

e septic abortions 

e deep wounds 

e bacteremia 

e metastatic or other abscesses in association 
with thromboembolic phenomena 


Sensitivity testing is always Under normal conditions, bacte- 

recommended prior to instituting roides are benign. But in infectious 

therapy with Chloromycetin situations they can be extremely 

(chloramphenicol). However, in virulent. 

some situations, it may be neces- | Fortunately, most bacteroides 

sary to administer Chloromycetin | infections are susceptible to 

before sensitivity tests have been Chloromycetin (chlorampheni- 3 

completed. col) therapy. Yet, all too often their drugs are ineffeq 
Mota aie ae ae presence goes undetected. So contraindicated 

Bacteroides are the most prevalent today, many authorities recommend But when bacte 

microbial flora of man. They are early—and vigorous—treatment cated, Chlorom 

anaerobic, aero-intolerant, non- with Chloromycetin when the phenicol) therag 

sporeforming, nonmotile, gram- clinical impression suggests thata ^ conservative co 

negative bacilli. They most often Bacteroides infection is present. situations, the b 

appear in mixed infections, and are Chloromycetin must be used only with Chloromyce 

highly opportunistic. Further, they in those serious infections for See next page fq 

are very difficult to culture. which less potentially dangerous information. 





Bacteroides... 


often an indication for 


eHLOROMYGETIN 


(chloramphenicol) Sodium Succinate 





Prescribing information—Chloromycetin 
(chloramphenicol) Sodium Succinate 
For intravenous administration 


WARNING 

Serious and fatal blood dyscrasias (aplastic 
anemia, hypoplastic anemia, thrombocytopenia, 
and granulocytopenia) are known to occur after 
the administration of chloramphenicol. In addi- 
tion, there have been reports of aplastic anemia 
attributed to chloramphenicol which later termi- 
nated in leukemia. Blood dyscrasias have oc- 
curred after both short-term and prolonged 
therapy with this drug. Chloramphenicol must 
not be used when less potentially dangerous 
agents will be effective, as described in the 
Indications section. /t must not be used in the 
treatment of trivial infections or where it is not 
indicated, as in colds, influenza, infections of the 
throat; or as a prophylactic agent to prevent 
bacterial infections. 

Precautions: It is essential that adequate blood 
studies be made during treatment with the drug. 
While blood studies may detect early peripheral 
blood changes, such as leukopenia, reticulocyto- 
penia, or granulocytopenia, before they become 
irreversible, such studies cannot be relied on to 
detect bone marrow depression prior to develop- 
ment of aplastic anemia. To facilitate appropriate 
studies and observation during therapy, it is 
desirable that patients be hospitalized. 





IMPORTANT CONSIDERATIONS IN PRESCRIBING IN- 
JECTABLE CHLORAMPHENICOL SODIUM SUCCINATE 


CHLORAMPHENICOL SODIUM SUCCINATE IS IN- 
TENDED FOR INTRAVENOUS USE ONLY. IT HAS 
BEEN DEMONSTRATED TO BE INEFFECTIVE WHEN 
GIVEN INTRAMUSCULARLY. 


1. Chloramphenicol sodium succinate must be hydro- 
lyzed to its microbiologically active form and there is 
a lag in achieving adequate blood levels compared 
with the base given intravenously. 

2. The oral form of chloramphenicol is readily absorbed 
and adequate blood levels are achieved and main- 
tained on the recommended dosage. 

3. Patients started on intravenous chloramphenicol so- 
dium succinate should be changed to the oral form 
as soon as practicable. 

DESCRIPTION 

Chloramphenicol is an antibiotic that is clinically use- 

ful for, and should be reserved for, serious infections 

caused by organisms susceptible to its antimicrobial 
effects when less potentially hazardous therapeutic 
agents are ineffective or contraindicated. Sensitivity 
testing is essential to determine its indicated use, but 
may be performed concurrently with therapy initiated 
on clinical impression that one of the indicated condi- 
tions exists (see Indications section). 

Each gram (10 ml cf a 10% solution) of chloram- 

phenicol sodium succinate contains approximately 52 

mg (2.25 mEq) of sodium. 


ACTIONS AND PHARMACOLOGY 


In vitro chloramphenicol exerts mainly a bacteriostatic 
effect on a wide range of gram-negative and gram- 
positive bacteria and is active in vitro against rickett- 
sias, the lymphogranuloma-psittacosis group, and Vibrio 
cholerae. |t is particularly active against Salmonella 
typhi and Hemophilus influenzae. The mode of action 
is through interference or inhibition of protein syn- 
thesis in intact cells and in cell-free systems. 
Chloramphenicol administered orally is absorbed 
rapidly from the intestinal tract. In controlled studies 
in adult volunteers using the recommended dosage of 
50 mg/kg/day, a dosage of 1 g every six hours for eight 
doses was given. Using the microbiological assay 
method, the average peak serum level was 11.2 mcg/ml 
one hour after the first dose. A cumulative effect gave 
a peak rise to 18.4 mcg/ml after the fifth dose of 1 g. 
Mean serum levels ranged from 8 to 14 mcg/ml over the 
48-hour period. Total urinary excretion of chloramphen- 
icol in these studies ranged from a low of 68% to a 
high of 99% over a three-day period. From 8% to 12% 
of the antibiotic excreted is in the form of free chlor- 
amphenicol; the remainder consists of microbiolog- 
ically inactive metabolites, principally the conjugate 
with glucuronic acid. Since the glucuronide is excreted 
rapidly, most chloramphenicol detected in the blood is 
in the microbiologically active free form. Despite the 
small proportion of unchanged drug excreted in the 
urine, the concentration of free chloramphenicol is 
relatively high, amounting to several hundred mcg/ml 
in patients receiving divided doses of 50 mg/kg/day. 
Small amounts of active drug are found in bile and 
feces. Chloramphenicol diffuses rapidly, but its distri- 
bution is not uniform. Highest concentrations are found 
in liver and kidney, and lowest concentrations are found 
in brain and cerebrospinal fluid. Chloramphenicol en- 
ters cerebrospinal fluid even in the absence of menin- 
geal inflammation, appearing in concentrations about 
half of those found in the blood. Measurable levels are 
also detected in pleural and in ascitic fluids, saliva, 
milk, and in the aqueous and vitreous humors. Transport 
across the placental barrier occurs with somewhat lower 
concentration in cord blood of newborn infants than 


in maternal blood. 
INDICATIONS 

In accord with the concepts in the Warning Box and 
this Indications section, chloramphenicol must be 
used only in those serious infections for which less 
potentially dangerous drugs are ineffective or con- 
traindicated. However. chloramphenicol may be 
chosen to initiate antibiotic therapy on the clinical 
impression that one of the conditions below is be- 
lieved to be present; in vitro sensitivity tests should 
be performed concurrently so that the drug may be 
discontinued as soon as possible if less potentially 
dangerous agents are indicated by such tests. The 
decision to continue use of chloramphenicol rather 
than another antibiotic when both are suggested by 


in vitro studies to be effective against a specific 
pathogen should be based upon severity of the in- 
fection, susceptibility of the pathogen to the various 
antimicrobial drugs, efficacy of the various drugs in 
the infection, and the important additional concepts 
contained in the Warning Box above. 
1. Acute infections caused by S typhi* 

It is not recommended for the routine treatment of 

the typhoid carrier state. 
2. Serious infections caused by susceptible strains in 

accordance with the concepts expressed above. 

a) Salmonella species 

b) H influenzae, specifically meningeal infections 

c) Rickettsia 

d) Lymphogranuloma-psittacosis aroup 

e) Various gram-negative bacteria causing bacte- 
ramia, meningitis, or other serious gram-negative infec- 
ions 

f) Other susceptible organisms which have been 
demonstrated to be resistant to all other appropriate 
antimicrobial agents 
3. Cystic fibrosis regimens 


*In the treatment of typhoid fever, some authorities recommend 
that chloramphenicol be administered at therapeutic levels for 8 
to 10 days after the patient has become afebrile to lessen the pos- 
sibility of relapse. 


CONTRAINDICATIONS 
Chloramphenicol is contraindicated in individuals with 
a history of previous hypersensitivity and/or toxic reac- 
tion to it. /t must not be used in the treatment of trivial 
infections or where it is not indicated, as in colds, in- 
fluenza, infections of the throat; or as a prophylactic 
agent to prevent bacterial! infection. 


PRECAUTIONS 

1. Base line blood studies should be followed by peri- 
odic blood studies approximately every two days during 
therapy. The drug should be discontinued upon appear- 
ance of reticulocytopenia, leukopenia, thrombocytope- 
nia, anemia, or any other blood study findings attribut- 
able to chloramphenicol. However, it should be noted 
that such studies do not exclude the possible later 
appearance of the irreversible type of bone marrow 
depression. 

2. Repeated courses of the drug should be avoided 
if at all possible. Treatment should not be continued 
longer than required to produce a cure with little or no 
risk of relapse of the disease. 

3. Concurrent therapy with other drugs that may 
cause bone marrow depression should be avoided. 

4. Excessive blood levels may result from administra- 
tion of the recommended dose to patients with im- 
paired liver or kidney function, including that due to 
immature metabolic processes in the infant. The dosage 
should be adjusted accordingly or, preferably, the blood 
concentration should be determined at appropriate 
intervals. 

5. There are no studies to establish the safety of this 
drug in pregnancy. 

6. Since chloramphenicol readily crosses the pla- 
cental barrier, caution in use of the drug is particularly 
important during pregnancy at term or during labor be- 
cause of potential toxic effects on the fetus (gray syn- 
drome). 

7. Precaution should be used in therapy of premature 
and full-term infants to avoid gray syndrome toxicity. 
(See Adverse Reactions.) Serum drug levels should 
be carefully followed during therapy of the newborn 
infant. 

8. Precaution should be used in therapy during lacta- 
tion because of the possibility of toxic effects on the 
nursing infant. 

9. The use of this antibiotic, as with other antibiotics, 
may result in an overgrowth of nonsusceptible organ- 
isms, including fungi. If infections caused by nonsus- 
ceptible organisms appear during therapy, appropriate 
measures should be taken. 


ADVERSE REACTIONS 
1. Blood Dyscrasias 

The most serious adverse effect of chloramphenicol 
is bone marrow depression. Serious and fatal blood 
dyscrasias (aplastic anemia, hypoplastic anemia, throm- 
bocytopenia, and granulocytopenia) are known to occur 
after the administration of chloramphenicol. An irre- 
versible type of marrow depression leading to aplastic 
anemia with a high rate of mortality is characterized by 
ihe appearance weeks or months after therapy of bone 
marrow aplasia or hypoplasia. Peripherally, pancyto- 
penia is most often observed, but in a small number of 
cases only one or two of the three major cell types 
(erythrocytes, leukocytes, platelets) may be depressed. 

A reversible type of bone marrow depression, which 
is dose-related, may occur. This type of marrow depres- 
sion is characterized by vacuolization of the erythroid 
cells, reduction of reticulocytes, and leukopenia, and 
responds promptly to the withdrawal of chloramphenicol. 

An exact determination of the risk of serious and 
fatal blood dyscrasias is not possible because of lack 
of accurate information regarding (1) the size of the 
population at risk, (2) the total number of drug-asso- 
ciated dyscrasias, and (3) the total number of nondrug- 
associated dyscrasias. 

In a report to the California State Assembly by the 
California Medical Association and the State Depart- 
ment of Public Health in January 1967, the risk of fatal 
aplastic anemia was estimated at 1:24,200 to 1:40,500 
based on two dosage levels. 

There have been reports of aplastic anemia attri- 
buted to chloramphenicol which leter terminated in 
leukemia. 

Paroxysmal nocturnal hemoglobinuria has also been 
reported. 

2. Gastrointestinal Reactions 

Nausea, vomiting, glossitis and stomatitis, diarrhea 
and enterocolitis may occur in low incidence. 
3. Neurotoxic Reactions 

Headache, mild depression, mental confusion, and 
delirium have been described in patients receiving 
chloramphenicol. Optic and peripheral neuritis have 
been reported, usually following long-term therapy. If 
this occurs, the drug should be promptly withdrawn. 


4. Hypersensitivity Reactions 

Fever, macular and vesicular rashes, angioedema, 
urticaria, and anaphylaxis may occur. Herxheimer reac- 
tions have occurred during therapy for typhoid fever. 
5. “Gray Syndrome” 

Toxic reactions including fatalities have occurred in 
the premature and newborn; the signs and symptoms 
associated with these reactions have been referred to 
as the gray syndrome. One case of gray syndrome 
has been reported in an infant born to a mother having 
received chloramphenicol during labor. One case has 
been reported in a 3-month-old infant. The following 
summarizes the clinical and laboratory studies that 
have been made on these patients 


a) In most cases, therapy with chloramphenicol had 
been instituted within the first 48 hours of life. 

b) Symptoms first appeared after three to four days 
of continued treatment with high doses of chloram- 
phenicol. 

c) The symptoms appeared in the following order: 
(1) abdominal distension with or without emesis; 
(2) progressive pallid cyanosis; 

(3) vasomotor collapse, frequently accompanied 
by irregular respiration; 

(4) death within a few hours of onset of these 
symptoms. 

d) The progression of symptoms from onset to exitus 
was accelerated with higher dose schedules. 

e) Preliminary blood serum level studies revealed un- 
usually high concentrations of chloramphenicol 
(over 90 mcg/ml after repeated doses). 

f) Termination of therapy upon early evidence of the 
associated symptomatology frequently reversed the 
process with complete recovery. 


ADMINISTRATION 


Chloramphenicol, like other potent drugs, should be 
prescribed at recommended doses known to have thera- 
peutic activity. Administration of 50 mg/kg/day in di- 
vided doses will produce blood levels of the magnitude 
to which the majority of susceptible microorganisms 
will respond. 

As soon as feasible, an oral dosage form of 
chloramphenicol should be substituted for the intra- 
venous form because adequate blood levels are 
achieved with chloramphenicol by mouth. 

The following method of administration is recom- 
mended: 

Intravenously as a 1096 (100 mg/ml) solution to be 
injected over at least a one-minute interval. This is pre- 
pared by the addition of 10 ml of an aqueous diluent 
such as water for injection or 596 dextrose injection. 


Adults DOSAGE 


Adults should receive 50 mg/kg/day in divided doses 
at six-hour intervals. In exceptional cases, patients 
with infections due to moderately resistant organisms 
may require increased dosage up to 100 mg/kg/day to 
achieve blood levels inhibiting the pathogen, but these 
high doses should be decreased as soon as possible. 
Adults with impairment of hepatic or renal function or 
both may have reduced ability to metabolize and ex- 
crete the drug. In instances of impaired metabolic 
processes, dosages should be adjusted accordingly. 
(See discussion under Newborn Infants.) Precise con- 
trol of concentration of the drug in the blood should be 
carefully followed in patients with impaired metabolic 
processes by the available microtechniques (informa- 
tion available on request). 

Children 

Dosage of 50 mg/kg/day divided into four doses at 
six-hour intervals yields blood levels in the range effec- 
tive against most susceptible organisms. Severe infec- 
tions (eg, bacteremia or meningitis), ae apy | when 
adequate cerebrospinal fluid concentrations are desired, 
may require dosage up to 100 mg/kg/day; however, it is 
recommended that dosage be reduced to 50 mg/kg/day 
as soon as possible. Children with impaired liver or kid- 
ney function may retain excessive amounts of the drug. 


Newborn Infants 
(See section titled Gray Syndrome under Adverse 
Reactions.) 

A total of 25 mg/kg/day in four equal doses at six- 
hour intervals usually produces and maintains concen- 
trations in blood and tissues adequate to control most 
infections for which the drug is indicated. Increased 
dosage in these individuals, demanded by severe infec- 
tions, should be given only to maintain the blood con- 
centration within a therapeutically effective range. After 
the first two weeks of life, full-term infants ordinarily 
may receive up to a total of 50 mg/kg/day equally di- 
vided into four doses at six-hour intervals. These dosage 
recommendations are extremely important because 
blood concentration in all premature infants and full- 
term infants under two weeks of age differs from that 
of other infants. This difference is due to variations in 
the maturity of the metabolic functions of the liver and 
the kidneys. 

When these functions are immature (or seriously im- 
paired in adults), high concentrations of the drug are 
found which tend to increase with succeeding doses. 


Infants and Children with Immature Metabolic Proc- 
esses 

In young infants and other children in whom imma- 
ture metabolic functions are suspected, a dose of 25 
mg/kg/day will usually produce therapeutic concen- 
trations of the drug in the blood. In this group par- 
ticularly, the concentration of the drug in the blood 
should be carefully followed by microtechniques. (In- 
formation available on request.) 


HOW SUPPLIED 
NDC 0071-1089-10 (Steri-Vial® No. 57) 

Chloromycetin (chloramphenicol) Sodium Succinate 
is supplied as a dried powder in Steri-Vials (rubber- 
diaphragm-capped vials). When reconstituted as di- 
rected, each vial contains a sterile solution equiva- 
lent to 100 mg of chloramphenicol per millifiter 
(1 g/10 ml). Available in packages of 10 vials. 
CHLOROMYCETIN, brand of chloramphenicol. Reg 
US Pat Off RJ 
PD-JA-1280-2-P (2-75) 


New Size Convenience! 
HEMOCLIP ML 
Occluding Clip 
N A y. (^W () 
Small Medium J / Medium mane Large 


‘in-between 
size 





Medium Large (ML)—a convenient 
alternative to the Medium or Large 
Clip for secure occlusion of vessels 
and ducts. 

Appendectomy, cholecystectomy, 
nephrectomy, saphenous vein ligation, 
splenectomy, and rectal polyp are 
among the surgical procedures for 
which the ML size may be used. 

Available from your WECK repre- 
sentative ... or contact Department 003. 


Above row of clips shown in actual size. 
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Low Dose Heparin: Bleeding and Wound Complications in 


A randomized prospective study of low dose heparin was per- 
formed in 175 surgical patients to determine the frequency of 
bleeding and wound complications. The patients were divided 
into three groups: (1) low dose heparin (5000 units two hours 
before operation and 5000 units every 12 hours following opera- 
tion for five days); (2) low dose heparin postoperatively only; 
and (3) a control group. The frequency of bleeding and wound 
complications was 27% in group I, 7.5% in group II, and 1.4% 
in group III. The difference between the control patients and 
those heparinized pre- and postoperatively is statistically sig- 
nificant (p « 0.005). None of the patients in any of the three 
groups had a pulmonary embolus, but the number of pa- 
tients involved is too small to assess the significance of this 
finding. However, a bleeding and wound complication rate of 


27% is significant. These findings indicate that perhaps the ` 


routine use. of low dose heparin should be reserved for those 
patients with preoperative factors indicating an increased risk 
from thromboembolism. 


Tz RELATIONSHIP of deep vein thrombosis and 
the subsequent embolization of thrombus to the 
pulmonary vasculature was first recognized by Vir- 
chow in 1846. With the developments of general anes- 
thesia, and a rapid increase in the variety and frequency 
of operative procedures, it soon was recognized that 
postoperative patients were particularly vulnerable to 
thromboembolis disease. Although the morbidity and 
mortality from deep vein thrombosis and pulmonary 
embolism is relatively low, the unpredictable and occa- 
sionally catastrophic occurrence of a pulmonary embo- 
lus in an otherwise routine postoperative course is often 





. Reprint requests: Leon H. Pachter, M.D., Department of Surgery, 
New York University Medical Center, New York, New York 10016. 
Submitted for publication: March 12, 1977. 
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sobering to the surgeon. The observation that pulmonary 
emboli occurred in patients with no clinical signs of 
deep vein thrombosis made clear that successful treat- 
ment of thromboembolic disease would depend on 
finding an effective means of prophylaxis. 

Encouraged by the enthusiastic reports of Kak- 
kar,!*!6 we initiated the use of low dose heparin for 
selected operative patients at New York University 
Medical Center. Among the initial patients receiving 
low dose heparin, several had significant bleeding prob- 
lems and two suffered major pulmonary emboli while 
on,low dose heparin. To investigate the problem of 
bleeding and wound complications, a prospective ran- 
domized study was initiated on the general surgical 
services. 


Patients and Methods 


One hundred and seventy-five patients (Table 1) 
undergoing a variety of general surgical procedures, 
were randomly selected into three groups by chart num- 
bers. The control group consisted of 69 patients. Forty 
patients received 5000 units of heparin subcutaneously 
postoperatively every 12 hours for five days. Sixty-six 
patients received 5000 units of heparin subcutaneously 
two hours before surgery and every 12 hours postopera- 
tively for five days. Excluded from the study were pa- 
tients with heparin sensitivity, coagulation disorders, 
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TABLE 1. Types of Operations Performed 


Pre and 
Postop 
Heparin 


Postop 
Heparin 


Low Dose Heparin Control Only 





Colon resection 

Abdominal perineal 

Colostomy closure 

Diverting colostomy 

Gastrectomy 

Biliary tract 

Hernia 

Mastectomy 

S and L of varicose veins 

Transmetatarsal amputation 

Below the knee amputation 

I and D abscess of thigh 

Excision of large leg lipoma 

Excision of tumor of abdominal 
wall 

Hemorrhoids 

Meso caval shunt 

Fistula-in-ano 

Pancreaticojejunostomy 

Pheochromocytoma 

Intussusception of small bowel 

Lumbar sympathectomy 

Lap for pancreatic Ca 


Total 
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bleeding ulcers, patients in whom full anticoagulation 
was indicated and patients undergoing vascular sur- 
gery. Patients were examined for clinical signs of deep 
vein thrombosis and pulmonary embolus throughout 
the postoperative period. 


Results 


None of the 175 patients (Table 2) in the study had 
. any clinical evidence of deep vein thrombosis or pul- 
monary embolus. Of the 66 patients receiving heparin 
15 patients developed wound hematomas* including 
one patient with significant bleeding beneath the flap of 
a radical mastectomy. Three patients developed gross 
hematuria. In these last four patients heparin was im- 
. mediately discontinued. In all, there were 18 bleeding 

: complications for a total of 27%. In the postoperative 

heparin group of 40 patients two patients developed 
. wound hematomas with subsequent infection and one 

patient developed gross hematuria, for a bleeding com- 
. plication rate of 7.5%. In the control group of 69 pa- 
tients there was only one wound hematoma for a bleed- 
ing complication rate of 1.4%. The difference in the 
bleeding complication rate between thé control and 
heparinized group was statistically significant (p 
< 0.005). 





* These required local drainage which was accomplished in the 
treatment room. 


PACHTER AND RILES 


Ann. Surg. e December 197. 


Discussion 


t 

Numerous studies have been conducted on either 
mechanical measures*57:1229 to prevent venous stasis or 
using Various anticoagulation regimens to reduce throm- 
bosis.1:5:19:14.15.16,25 

Sharnoff?! first reported a decrease in thrombo- 
embolic disease in high risk patients using low dose 
heparin, beginning a few hours before surgery and con- 
tinuing into the postoperative period. Following this 
report, no less than ten independent groups of investi- 
gators have conducted randomized studies on surgical 
patients to test the effect of perioperative heparin on 
deep vein thrombosis and pulmonary embolism. All, 


TABLE 2. Operative Procedures and Complications 





No. of 


Operation Patients Complications 





Heparin Group—66 Patients 


Inguinal hernia 7 Wound hematoma 
Inguinal hernia 1 Hematuria 
Left colon resec- 

tion 1 Hematuria 
Excision of ab- 

dominal wall 

tumor i Hematuria 


Radical mastec- 


tomy 1 Bleeding under flaps 


Biliary tract 


disease 4 Wound hematoma 


Right below knee 


amputation i Wound hematoma 
Colocolostomy 1 Wound hematoma 
Stripping and 

ligation 1 Wound hematoma 


Complication rate: 27% 
Pulmonary embolism 0% 
Control Group—69 Patients 


Left inguinal 


hernia 1 Wound hematoma 


Complication rate: 1.4% 

Pulmonary embolism 0 % 

Postop Heparin Only—40 Patients 
Gastrectomy 1 Wound hematoma and infectior 


Right inguinal i 
Wound hematoma and infectior 


hernia 1 
Abd. perineal 
resection 1 Gross hematuria 
Complication rate: TSA 
Pulmonary embolism 0 ^4 
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TABLE 3. Incidence of Bleeding Complications 





LOW DOSE HEPARIN 


TABLE 4. Low Dose Heparin Studies 
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No Heparin Low Dose Heparin . Patients 

Pachter—Riles 1.4% 27% ` Control Low Dose Heparin Total 
String- Barcia 0.796 1496 - — - - 
Gordon- Sinith 0.095 1096 Nicolaides 1972 122 122 244 
Nicolaides ` 0.0% 496 Gordon—Smith 1972. 50 100 150 
Kakkar 11.7% 16.6% Gallus 1973 118 108 226 
Gruber 0% 13.7% Lahnborg 1974 34 58 112 
Gallus 0% 0% Abernethy 1974 62 63 125 
Lahnborg 0% 0% Ribaudo 1975 . 75 75 150 
Abernethy 096 0% Strand 1975 50 50 100 
Ribaudo' 2.696 2.696 Covey 1975 52 53 105 
Stand 0% 0% Kakkar 1975 2076 2045 4121 
Covey 0% 1.7% Pachter—Riles 1976 69 66 135 

Total 2728 2740 5468 


with the exception of two studies,'^ have demon- 
strated a reduction in- deep vein thrombosis with the 
use of low dose heparin. No study to daté including 
Kakkar’ 's16 is large enough to demonstrate a difference 
in the mortality between the treated and control groups.* 
Most authors, however, have felt that the complica- 
tions incurred from the use of low dose heparin were 
justified by the reduction in thromboembolic disease. 

Earlier reports by Kakkar!*!* and others has shown 
that low dose heparin will decrease the postoperative 
incidence of deep vein thrombosis and pulmonary 
emboli. More recently. reports by String, Barcia?* and 
Gruber!! have emphasized bleeding: complications 
which may: occur with the use of heparin in the peri- 
operative period (Table 3). To demonstrate the role of 
low dose heparin for a given patient one must. ask: 
does the prophylaxis justify the complication? To make 
this determination, three questions must be answered: 
1) What is the incidence of deep vein thrombosis "with 
and without low dose heparin? 2) What is the mor- 
bidity and mortality of pulmonary embolism’ with- -Or 
without ‘low ‘dose heparin? 3) What are the potential 
... complications from - prophylactic perioperative low 
dose heparin? The incidence of thromboembolic dis- 
ease is ‘sufficiently low -that the observation. ‘of 
_ thousands of surgical patients are necessary to draw 
` meaningful conclusions from clinical therapeutic trials. 
Over the past five years a number of studies have 
been conducted using prophylactic low dose heparin. 
In an attempt to answer these questions, we have 
analyzed the collective experience of all these in- 
vestigators. 

In each of the ten studies selected for this dis- 
cussion, patients were randomized into two groups. 
The 'control groüp received no heparin, the treated 





'* Special report— prevention of venous thromboembolism in 
surgical patients by low dose heparin. Circulation, 55, 2:423A, 
IE 1977. 





group received 5000 units of heparin subcutaneously 
two hours preoperatively and then every 12 hours 
thereafter for five to seven. days.t In the study by 
Gallus® and Kakkar!® heparin was given postoper- 
atively every eight hours. The number of patients in 
each study i is given on Table 4. 


What is the Incidence of Deep Vein Thrombosis With 
and Without- Low Dose Heparin? 

The incidence of deep vein thrombosis (DVT) 
varies widely in published series depending on the 
method of detecting- -the disease. Methods commonly 
used -are: clinical signs and symptoms, venography, 
and !?3[. fibrinogen scanning technique. Each has. its 
disadvantages. 

Although often subjective and inaccurate most 
authors report an incidence of clinical deep vein 
thrombosis between 0:6- 46. 1,5,16,19,23 

The 5I. fibrinogen scanning technique is nonin- 
vasive and highly sensitive for detecting deep ` vein 
thrombosis. t This technique was used i in most series 


t Our study consisted of three ; groups: which included i in one group 
the use of postoperative heparin alone. | > 

t Ribaudo et al., however, used 99m technesium microaggrepäted 
albumin: 2 ` 





TABLE 5. Incidence of DVT in Postoperative Control Patients 








Study Scan Diagnosis (%) Clinical Diagnosis 
Nicolaides 24 i — 
Gordon- Smith 42 . — 
Gallus - 16 — 
Lahnborg 20 — 
Abernethy 4.8 1* 
Ribaudo 53 4 
Strand 20 3* 

Covey 9.6 2* 
Kakkar 24.6 4 





* One cannot Sram if these patients were in the control or | 
treated group. 
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TABLE 6. Incidence of ™*I-fibrinogen Scans Positive for DVT 
—————P——— a 





Study Control (%) Low Dose Heparin (%) 
Nicolaides 24 0.8 
Gordon- Smith 42 11.0 
Gallus 16 1.9 
Lahnborg 20 5.0 
Abernethy 4.8 6.0 
Ribaudo* 53 32.0 
Strand 20 6.0 
Covey 9.6 7.5 
Kakkar 24.6 7.7 





* Used 99" Technetium macroaggregated albumin. 


and is the basis for most of the data concerning 
low dose heparin. The problem has been in standard- 
izing the technique and interpreting the results. Table 5 
shows that the incidence of DVT in the control pa- 
tients, as detected by scanning varied from 4.8—5395 
Although one would expect a high incidence in the diag- 


nosis of DVT with the scanning technique, the marked . 


disparity between clinical thrombosis and scan in- 
terpretations and the variance of investigators in diag- 
nosing DVT questions the meaning of a positive scan. 

Most of the enthusiasm for low dose heparin has 
been based on studies showing a reduced incidence of 
positive '?*|-fibrinogen scans with its use in the periop- 
erative period (Table 6). All except Abernathy! and 
Covey? found a significant reduction of positive scans 
with low dose heparin. Only two authors discussed the 
effect of low dose heparin on clinical thrombosis. 
Kakkar!é noted a reduced incidence from 4% in the 
control group to 1.9% in the treated group. Ribaudo,!? 
on the other hand, found no change: 4% had clinical 
thrombosis in each group. 

In summary, the incidence of DVT in the postoper- 
ative surgical patient is probably 496 for clinically 
apparent cases and 5—50% using scanning techniques, 
depending on the investigator. Low dose heparin ap- 
pears to have a remarkable effect on reducing the 
number of positive scans and will probably reduce 
the incidence of clinical thrombosis by one-half.’ 


What is the Morbidity and Mortality of Pulmonary 
Embolism in Surgical Patients With and Without Low 
Dose Heparin? 


Similar to the problem of DVT, the incidence of 
postoperative pulmonary embolism in control patients 
varies greatly from one investigator to another, de- 
pending on the criteria for making the diagnosis. Some 
have reported only cases with typical clinical findings; 
others have relied on angiograms, lung scans or 
autopsy reports. Depending on the method, the in- 
cidence has varied from 0% to 44% (Table 7). 

Caution should be taken when relying on lung scan- 
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ning technique to establish the diagnosis of pulmonary 
embolus, particularly when doing routine scanning on 
asymptomatic patients. A number of pulmonary condi- 
tions as atelectasis and chronic obstructive lung dis- 
ease can give an abnormal scan, indistinguishable 
from a pulmonary embolus.? In a well controlled 
study by Gilday, Poulose and Deland,? 121 patients 
clinically suspected of having pulmonary embolism 
were studied with both lung scans and pulmonary 
angiograms. Fifty-three per cent were found to have 
scans interpreted as ''highly probable for pulmonary 
embolus.” Of these, diagnosis could be confirmed by 
angiography in only 77% of the cases. While a normal 
lung scan is helpful to the clinician in excluding the 
diagnosis of pulmonary embolism an abnormal lung 
scan must be correlated with the clinical findings and 
other studies. 

Counting only the clinical significant cases in all 
series, the incidence of pulmonary embolism in the 
control patients during the postoperative period is the 
same as that reported by Kakkar,!? 1.2%. In the pa- 
tients receiving low dose heparin, this was reduced to 
0.4% in both Kakkar's study and in the combined 
randomized studies,»91911,17-1923 ` 

The mortality from pulmonary embolism in surgical 
patients has been studied by a number of authors. 
An excellent réview of these studies was prepared by 
Hume.?? Kakkar’® estimated 0.5% in designing his co- 
operative study and reported 16 deaths from pulmonary 
embolism in 2,076 control patients for an incident of 
0.896. 

In his group of 2,045 patients receiving low dose 
heparin, Kakkar!$ reported only two deaths attributed 
to pulmonary embolism reducing the incidence to 0.1%. 
Interestingly, in the 1,347 patients in all of the low 
dose heparin studies excluding that of Kakkar!$ there 


TABLE 7. Incidence of Pulmonary Embolism 








Study Control (%) Low Dose Heparin (95) 
Nicolaides 0 0 
Gordon- Smith 0 2.0 
Gallus 1.0* 0 
Lahnborg ?t (44) ? (16) 
Abernethy 0 (19) 0 (0 
Ribaudo 2.7 (8.3) 0 O 
Strand 0 0 
Covey 2 0 
Kakkar 1.2 0.4 
Pachter—Riles 0 0 


Parenthesis — diagnosis made by lung scan. 

* This study included nonsurgical patients in addition to 226 sur- 
gical patients. The author does not state whether the two patients 
with pulmonary emboli were surgical or medical. 

' A total of four per cent had clinical evidence of pulmonary 
embolism. One cannot determine if these were in the control or 
treated group. 
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were no deaths attributed to pulmonary emboli in either 
the treated or control groups. It should be noted that 
the overall mortality rate in Kakkar's!? cooperative 
study was a remarkably high 4.4% nearly three times 

" that of all the other heparin studies combined. Further- 
more of the 180 deaths reported by Kakkar, 100 in 
the control group and 80 in the treated group, the 
cause of death was given only in autopsied cases leav- 
ing 2896 of deaths unexplained in the controls and 
3496 in the heparinized group. 


What are the Potential Complications with Prophylactic 
Low Dose Heparin? 


Prophylactic low dose heparin reduces DVT and 
postoperative pulmonary embolism. The use of low 
dose heparin, however, can only be justified if there is 
an acceptably low complication rate. While some 
authors have stated that they experienced no bleeding 

'problems*9*?!92? jn patients receiving low dose 
heparin others have found this bleeding to be signif- 
icant. 1124 : 

In our study we found a remarkably high level of 
bleeding and wound complication (27%). Three of our 
cases were complicated by wound infections, but no 
reoperations were required. Others have had to return 
patients to the operating room to control bleeding.1911.18 
String and Barcia,” and Gruber!! raise concern over a 
13.7—1496 incidence of bleeding. In Kakkar’s study!$ 
there was a 16.6% complication rate in the heparinized 
patients which included an 8.9% incidence of excessive 
blood loss in the operating room and a 7.7% incidence 
of wound hematomas. 

Inasmuch as bleeding complications may be as high 
10-27% it seems unwarranted to treat all general 
surgical patients over the age of 40 with prophylactic 

_low dose heparin. 

Skinner and Salzman” established criteria for se- 
lecting patients at risk for pulmonary embolism. In 
their study, obesity, anticipated bed rest for more than 
three days, visceral malignancies, surgical dissection 
in the pelvis and a history of thromboembolic dis- 
ease or varicose veins were indications for treating 
their patients with therapeutic doses of Wafarin. In a 
group of 80 patients with one of the above indica- 
tions, but with a contraindication to anticoagulation 
therapy, the incidence of pulmonary embolism was 
10%. In their treated group the rate was lowered to 
1.7%, but with an 8.6% incidence of postoperative 
bleeding which included three deaths related to the 
bleeding. Some of their complications were no doubt 
secondary to maintaining safe therapeutic levels of anti- 
coagulation. It would seem reasonable that low dose 
heparin be reserved for the group of patients con- 

_sidered by Skinner and Salzman”? to be high risk. With 
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an expected rate of pulmonary embolism of 10% in 
high risk patients, the bleeding rate with low dose 
heparin can be justified. The goal would be to achieve 
the same protection offered to this group of patients 
with Warafin, with a safer and more easily controlled 
regimen of low dose heparin. 


Conclusions 


Surgeons have been confronted with a plethora of 
studies on the subject of low dose heparin. Most 
recently, however, the American Heart Association's 
Council on thrombosis* has recommended the routine 
use of prophylactic low dose heparin, as a safe 
modality, in lowering the incidence of DVT and pul- 
monary embolus in general surgical patients over the 
age of 40. The safety in using low dose heparin in 
surgical patients is based on Kakkar's multicenter 
study.!* In carefully analyzing the multicenter's data 
we find a bleeding complication rate of 16.6% with the 
use of low dose heparin. The 27% complication rate 
incurred with the use of low dose heparin in our own 
study would also seem to mitigate against its routine 
use. Until there is solid evidence that the mortality 
from pulmonary embolism is decreased with low dose 
heparin, its use should be limited to patients at highest 
risk. In treating these high risk patients with low dose 
heparin, however, one should be prepared to exchange 
a decrease incidence of DVT and pulmonary emboli 
for a higher bleeding and wound complication rate. 
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Total Pancreatectomy for Cancer 


Sixty-five patients operated with total pancreatectomy were 
reviewed with respect to factors influencing operative mor- 
tality and morbidity, long-term survival, and metabolic 
sequelae. The diagnoses were pancreatic cancer in 58 pa- 
^ tients, periampullary cancer in three, cancer of the bile duct 
in two and leiomyosarcoma of the duodenum and cystadeno- 
carcinoma of the pancreas in one patient, respectively. In 
nine of the 58 cases with cancer of the caput, the histo- 
logical examination revealed multicentricity of the tumor. In 
44%, there were signs of degeneration and fibrosis in the 
distal part of the gland. Hospital mortality was 23% for the 
entire series. After 1970 the hospital mortality was 17%, and 
among patients operated by senior surgeons especially trained 
in pancreatic surgery, the hospital mortality was 12% during 
the whole period. The peroperative bilirubin levels seemed 
to influence survival time. Among 24 patients operated be- 
fore 1975 in whom the operating surgeon judged the oper- 
ation as radical, a five year survival of 21% was recorded. 
In patients without detectable lymph node metastases, the 
mean survival time was 25 months. The postoperative exo- 
crine insufficiency and diabetes were possible to control. A 
blood sugar level above 10 micromol/1 was found to signif- 
icantly decrease the frequency of hypoglycemic attacks. Total 
pancreatectomy appears to be the surgical procedure pre- 
>- ferred when radical treatment is selected. 


ANCREATIC CANCER IS INCREASING in frequency 

. P and at the moment surpasses gastric cancer in the 
United States where 22,000 cases are diagnosed every 
year. Furthermore the prognosis for patients with this 
type of cancer is extremely poor. Lately renewed 
interest in total pancreatectomy has arisen mainly 
due to dissatisfaction with the results of pancreatico- 
duodenectomy according to Whipple.!??? In a material 
of 101 patients with ductal carcinoma of the pan- 
creas, Brooks and Culebras* have recently reported 
encouraging results in 17 cases of total pancreatec- 
tomy in comparison to 11 Whipple procedures. At 
the Department of Surgery, University of Lund total 
pancreatectomy has been the standard procedure since 
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1959. We felt that it was now time to review our 
experiences and try to evaluate factors influencing 
operative mortality and morbidity, long-term survival 
and metabolic sequelae. 


Material 


Total pancreatectomy for cancer has been per- 
formed in 65 patients. The diagnoses were pancre- 
atic cancer in 58 patients, periampullary cancer in 
three, cancer of the bile duct in two patients, leio- 
myosarcoma of the duodenum and cystadenocar- 
cinoma of the pancreas in one patient respectively. 
The age and sex distribution is shown in Figure 1. 
For comparison 76 patients operated with bypass 
procedures were studied. 

Pancreatic cancer was classified from Stage I to IV 
according to Hermreck, Thomas and Eriesen:? Stage 
I, local disease only; Stage II, invasion to surround- 
ing tissue (duodenum, portal vein, mesenteric ves- 
sels); Stage III, metastases to regional Iymph nodes; 
Stage IV, generalized carcinomas (liver metastases, 
peritoneal carcinomatosis). 


Symptoms 


The most common symptoms were jaundice, pain 
and loss of weight (Table 1). Trosseau's sign was ob- 
served in five cases, and in five a palpable mass was 
found. Twenty-two of the 58 cases (38%) with pan- 
creatic cancer had diabetes mellitus preoperatively. 


Diagnostic procedures 


Exocrine insufficiency studied by the Lundh test!” 
was found in 20 out of 24 investigated cases (83%). The 
diagnostic procedures furthermore included pancreatic 
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FiG. 1. Age and sex distribution among 65 patients pancreatecto- 
mized due to cancer. 


scanning (Selenium methionine) which was abnormal . 


in 21 of 23 cases (91%) and angiography which re- 
vealed signs of pancreatic cancer in 42 of 52 cases (8196). 
Át percutaneous transhepatic cholangiography cancer 
was suggested in all 26 investigated cases. ERCP was 
conclusive in the two cases investigated and ultrasonic 
examination in two of three investigated patients. Dur- 
ing the operation fine needle aspiration and/or wedge 
biopsy was carried out in most cases (Table 3). 


Technical remarks 


Puestow incisions or left-sided transrectal incisions 
were used. The Rissler hook (Fig. 2) was found to sig- 
nificantly improve the access to the operation areas. 

The great oment, pancreas, duodenum, common bile 
duct, gallbladder, spleen and at least 50% of the stom- 
ach were removed en bloc. A careful lymphadenec- 
tomy was always performed along the hepatoduodenal 
ligament, aorta, and coeliac, hepatic and superior mes- 
enteric arteries. 

The hepatico-jejunal anastomosis was done either 
end-to-end or end-to-side and the gastro-jejunostomy 
always placed antecolically. In most cases the hepatico- 
jejunostomy was drained postoperatively by means of 
a transhepatic catheter which in jaundiced patients was 


TABLE 1. Symptoms and Signs in 65 Patients Pancreatectomized 
Due to Cancer 


Jaundice 53 
Pain 38 
Loss of weight 36 
Nausea L ox 22 
Diabetes 22 
Palpable mass 5 
Thrombus 5 
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TABLE 2. Diagnostic Procedures in 65 Patients 
Pancreatectomized Due to Cancer 
—M — €— ee 


Pancreatic function test 20/24 
Scanning 21/23 
Angiography 42/52 
PTC (Percutaneous Transhepatic 

Cholangiography) 26/26 
ERCP 2/2 
Ultrasound 2/3 
Fine needle aspiration 36/38 
Wedge biopsy 16/22 





generally introduced percutaneously three to five 
weeks before the operation, and used for preoperative 
drainage as well. 


Pathologic Features 


In one case the histological diagnosis was cystadeno- 
carcinoma, in another leimyosarcoma and in all other 
cases adenocarcinoma. The localizations of the lesions 
are listed in Table 3. In nine of the 58 cases (16%) of 
cancer of the caput, tumor cells were found far from the 
main lesion beyond what would have been the ‘‘usual 
resection line” of a Whipple procedure. In 27 of the 61 
cases (44%) with cancer of the head of the pancreas 
and periampullary region there were signs of degenera- 
tion and fibrosis in the distal part of the gland far from 
the tumor. 


Mortality 


Death within 30 days after total pancreatectomy 
was considered a hospital death. As shown in Figure 3 
the hospital mortality for the whole material during the 
17-year period was 23%. After 1970 the hospital mor- 
tality was reduced from 38% (1959-1970) to 17%. In 
patients operated by senior surgeons especially trained 
in pancreatic surgery the hospital mortality was 12% 
(6/48) during the whole period. 

Causes of death during the first postoperative month 
are listed in Table 4. In 6 patients anastomosis in- 
sufficiency occurred, in four cardiopulmonary compli- 
cations, in two intra-abdominal bleeding, in one an 
attack of hypoglycemia, in one gangrene of the trans- 
verse colon and in another hepatic failure. 


Complications 


Operative complications occurred in 15 patients 
besides those who succumbed postoperatively (Table 
5). In seven cases anastomosis insufficiency was diag- 
nosed, in seven hypoglycemia, in three gastrointesti- 
nal bleeding, in two intra-abdominal abscesses and in 
two septicemia. Intra-abdominal bleeding, hepatic fail- 
ure and wound rupture occurred in one case each. 
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TABLE 3. Location of Lesions in 65 Patients 
Pancreatectomized Due to Cancer 


Pancreatic caput 7 5 
Pancreatic caput and corpus 

Periampullary région 

Common bile duct 

Duodenum 


m N US o» 00 





Survival 


In Figure 4 the survival rates are described in patients 
operated before 1975. Among 24 patients in whom the 
surgeon peroperatively evaluated the operation as 
radical a five-year-survival of 2196 was recorded. The 
diagnosis of the patients surviving more than five years 
was pancreatic cancer in two, periampullary cancer in 
two and cancer of the bile duct in one patient. Twenty- 
five patients were operated upon with a palliative pan- 
createctomy i.e. the operation was not macroscopically 

. radical. The survival rate in this group did not differ 
significantly from that of 76 patients with inexstirpable 
tumors. E 

In Figure 5 the survival time of patients operated 
with total pancreatectomy is compared with the 76 
patients operated only with a by-pass operation. As 
expected total pancreatectomy increased the length of 
survival markedly. This was especially evident in 
Stage I-II but also—although not as marked—when 
Stage I, II and III were put together. In Stage III total 
pancreatectomy did not affect the survival time. 


Factors Affecting the Survival Time 


The age of the patients, duration of anesthesia, pre- 
operative diabetes or maximum preoperative bilirubin 
levels did not affect the mortality rate or length of sur- 

__Vival. The peroperative bilirubin levels seemed, how- 
ever, to correlate with the survival time. In cases with 
peroperative bilirubin levels below 50 pmol/l mean 

survival time was three times as long as in patients 
with levels above 50 pmol/l. 


Causes of Late Mortality 


As shown in Table 6, 39 patients succumbed during 
the follow-up period. Among these 31 had recurrency, 
four died from cardiovascular insufficiency, and two 
from gastrointestinal bleedings. It is notable that two 
patients died during hypoglycemic attacks two and 13 
months after the operation, respectively. Eleven pa- 
tients are still alive. 


Metabolic sequelae 


The diabetes following pancreatectomy was found to 
_ have an immediate onset, to be extremely insulin sensi- 
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tive and to have oscillating blood glucose levels. 
Among our 65 patients three succumbed to hypo- 
glycemia. When the blood glucose levels were kept 
above 10 umol/l, however, the risk for hypoglycemia 
decreased considerably. Furthermore, effective re- 
placement therapy seemed to stabilize the blood glu- 
cose levels. Replacement therapy was often sufficient 
to counteract steatorrea but we found that the efficiency 
of different preparations varied widely.’ 


Discussion 


The most serious drawback in the management of 
pancreatic cancer is the lack of methods for making an 
early diagnosis. In the absence of these possibilities 
the attention has been drawn to improvement of the 
surgical methods. Regional pancreatectomy including 
resection and reconstruction of the portal vein and/or 
superior mesenteric artery in advanced cases has been 





Fic. 2. The Rissler Hook. 
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Fic. 3. Hospital mortality. 


^ 1970 >1970 SENIOR 


SURGEONS 


suggested recently.??? Although it is too early to evalu- | 


ate the results of regional pancreatectomy it has been 
suggested that once the tumor has spread beyond the 
substance of the pancreas the patient’s interest does 
not seem to be best served by such superradical ap- 
roaches.* , 

The results of the Whipple operation for cancer have 
been dissatisfactory. Although there have been isolated 
reports of low mortality after this operation,’ in the 
experience of most surgeons this operation has: beeri 
E with high rates of complications and mortal- 

y.i?i9 Of 239 patients undergoing the Whipple pro- 
m for various conditions 156 (65%) experienced 
postoperative complications. Only eight of 119 patients 
with all kinds of pancreatic cancer lived five years.” 

This disappointing. results after | pancreaticoduo- 
denectomy is the main reason for the renewed interest 
in- total _pancreatectomy for cancer. Thus, ReMine?? 
and Brooks and Culebras* recently favored total pan- 
createctomy for the appropriate tumor type and stáge. 

Our data support the opinion that hospital mortality 
after pancreatectomy might be reduced. We found be- 
fore 1970 a hospital mortality as high as 38% which, 
however, decreased to 17% after this year. Improved 
pre- and postoperative care, improved anesthesic meth- 
ods and the organization of special intensive care units 


TABLE 4. Causes of Hospital Mortality (n = 15) Among 65 
Patients Pancreatectomized Due to Cancer ` 


Anastomosis insufficiency 

Circülatorv and pulmonary insufficiency 
Intra-abdominal bleeding . i 
Insulin coma 

Colon ‘gangrene 

Hepatic failure 


-—-—NAOC 
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TABLE 5. Major Operative Complications (n = 15) in 50 
Pancreatectomized Patients (Hospital 
Deaths are Excluded) 





Intra-abdominal bleeding 
Hepatic failure 
Wound rupture 


Anastomosis insufficiency 7 
Hypoglycemia 7 
Gastro-intestinal bleeding 3 
Abscess 2 
Septicemia 2 
1 
1 
1 





seem to be of great value in this respect. Further we 
found that the experience of the operating surgeon in 
pancreatic surgery markedly influenced the operative 
mortality. This seems to justify the appraisal, opera- 
tion and follow-up of patients with pancreatic cancer at 
special centers staffed by personnel with the greatest 
possible experience “and interest in this disease. Thus 
the findings in this study are contradictary to those of 
Bloom and Steer? who tecommended pancreatectomies 
to be performed at any hospital irrespective of the fre- 
quency of pancreatic cancer and of the surgeon. S èx- 
perience in pancreatic surgery. 

Brooks and Culebras* found a mean survival time of 
13 months after the Whipple procedure for pancreatic 
cancer (Stage I, ID. Our data, like those of Brooks and 
Culebras, indicate encouraging survival rates following 
total pancréatectomy in Stage I and II and in cases 
where the surgeon during the operation judged the 
operation as macroscopically radical. In Stage III, how- 
ever, the survival time was almost identical to that of 
patients undergoing only bypass operations. Although 
long-term survival after total pancreatectomy is en- 
couraging it is obvious that the survival rates can be 
even further improved by proper selection of the pa- 
tients for this procedure. The results of the present 
paper therefore support the opinion of Smith, z ReMine?? 
and Brooks and Culebras* who take a.midstream point 
of view with regard to surgery for this disease: 

- Postoperative diabetes and postoperative pancreatic 
insufficiency are often mentioned as arguments against 
total pancreatectomy. As regards the diabetes, three of 
the patients in our material succumbed during attacks 
of hypoglycemia. The cause of the ‘brittle type of dia- 
betes after pancreatectomy is not known. One explana- 
tion might be the lack of pancreatic glucagon and an- 


TABLE 6. Causes of Late Mortality in 39 Patients Operated 
with Total Pancreatectomy Due to Cancer 


Recurrency 3 
Cardiovascular insufficiency 

Gastro-intestinal bleeding 

Hypoglycemia 
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Fic. 4. Survival after radical and palliative total pancreatectomy 
compared with survival after by-pass procedures in cases of in- 
extirpable cancer. 


other impaired glucosé resorption due to insufficient 
intestinal amylase levels. According to our recent ex- 
perience effective replacement therapy seems to stabi- 
lize the blood glucose levels. When further relatively 
high blood glucose levels have been allowed in these 
patients the postoperative diabetes in our care during 
the last three years has béen possible to control. Finally, 
it must be stated that the total paricreatectomy per se 
causes diabetes i in relatively few patients as preopera- 
tive diabetes is common (38%) and as postoperative 
diabetes following the. Whipple procedure is no rarity. 

The exocrine insufficiency after total pancreatec- 
tomy is possible to control by effective replaceriient 
therapy although normalization of the fecal fat excre- 
tion is névér reached.* We. have compared different 
preparations and found that only a few of them caused 
increased intestinal enzyine levels following a test 
meal.?® In the present study we found fibrosis and de- 
generation in the body and tail in 27 of 61 cases of can- 
cer of the head of the pancreas or the periampullary 
region. As the anastomosis between the pancreatic duct 
and the intestine in the Whipple procedure is known to 
close in many cases and as, as mentioned, effective 
replacement preparatioiis are available. today there 
seems to be no reason from an exocrine point of view 
to save tlie body and tail in cases of tumors of the head 
of the pancreas. 

Formerly at our hospital intractable pains were re- 
garded as a reason to perform total pancreatectomy 
although it was- obvious that radicality could not be 
Obtained (Fig. 4). Recently long-term regional intra- 
arterial infusion of cytostatics (5-FU) has been proved 
to effectively control the pains in patients with in- 
extirpable pancreatic cancer. Gazet!! reported à sig- 
nificant relief from pain after intra-arterial 5—FU ad- 
ministration in 23 out of 40 patients. During the past 
two years we have used such treatment in 20 patients. 
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In ten of these patients relief from pain was reported. 
As palliative total paricreatectomy does not increase 
the survival time and as the effects of regional cyto- 
static therapy are. encouraging we now perform total 
pancreatectomy only in .áh attempt to cure the 
patient. Thus total pancreatectomy- is used in cases 
without tumor growth outside the gland. An exception 
to this rule is cases where the tumor is slightly attached 
to the portal vein as such an attachment ina proportion 
of the cases might be due to pancreatitis. 

In the diagnosis of pancreatic cancér in jaundiced 
patients. we highly recommended percutaneous: trans- 
hepatic cholangiography (PTC), being a method with 
high diagnostic accuracy and relatively few complica- 
tions. A further advantage with this method is that. à 
two-step procedure car be avoided by leaving the PTC- 
catheter for external drainage preoperatively .?$ 

Total pancreatectomy seems to be preferable to the 
Whipple procedure in the treatment of pancreatic can- 
cer for several reasons: 1) the multicentricity9?* of the 
cancer; in our material cáncer cells were found far from 
the caput lesion in nine of 58 cases. 2) Fibrosis and de- 
generative changes in the distal part of the gland; in 27 
of 61 cases of cancer of the head of the pancreas and 
periampullary . region in our. study. 3) Elimination of 
one of the commonest causes of postoperative compli- 
cations-the páncreatico--jejunal anastormiosis. 4). In- 
creased survival rates. 5) As preoperative diabetes is 
common and, as the diabetes frequency following the 
Whipple procedure i is not negligible, the total pancre- 
atectomy per se causes diabetes in relatively few pa- 
tients.!* 6) The postoperative diabetes and the post- 
operative pancreatic insufficiency are manageable. 7) 
The splenectomy and the removal of the tail of the 
pancreas make the lymphadenectomy more optiriial. 
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Plasma Insulin and Surgery | 


Early Changes Due to Operation in the Insulin Response to Glucose 


A. E. B. GIDDINGS,* D. MANGNALL, B. J. ROWLANDS, R. G. CLARK 


The effects of elective abdominal operation on the disposal of 
a sustained intravenous glucose load and on the biphasic re- 
sponse of plasma insulin have been examined. During opera- 
tion, low plasma insulin concentrations were observed despite 
the high plasma glucose values achieved. On the morning after 
operation, both phases of the insulin response to glucose were 
increased. This increase was seen even when subjects were com- 
pared at the same plasma glucose value. The response to tolbuta- 
mide was also greatly exaggerated. Pre- and postoperative 
glucose curves were approximately parallel, suggesting that 
glucose uptake was similar in both situations despite the pres- 
ence of the postoperative hyperglycemia and hyperinsulinemia. 
This is at variance with previous reports based on conventional 
bolus dose intravenous tests which have suggested reduced 
postoperative glucose utilization. A new interpretation of the 
data is proposed. 


N 1877, CLAUDE BERNARD? documented an increase 
I in the blood sugar as a feature of the response to 
trauma. In burns, military casualties and obstetric 
haemorrhage, the response is proportional to the de- 
gree of injury sustained.91945 Howard’? showed in a 
study of battle casualties that the response of the in- 
jured to an oral glucose load was similar to that ob- 
served in diabetes mellitus; tolerance was less and the 
glucose lowering effect of intravenously injected insu- 
lin was reduced, a state termed 'insulin resistance'. 
Evans and Butterfield? used the term pseudo-diabetes 
‘hyperglycemia, glycosuria but no acetonuria' to de- 
scribe similar, but more severe effects in burned 
patients. 

Studies of changes in the plasma concentration of 
insulin due to injury, operation or hemorrhage have 
variously suggested both an increase?” or a reduction 
in insulin secretion??? at different stages in the response 
to trauma. In addition, it has been postulated, largely 
from the conventional analysis of bolus injections of 
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glucose, that the uptake of glucose by the cells is im- 
paired after injury. 

In the present study, a prolonged glucose infusion 
test (GIT) has been used to re-examine this problem. 
An initial bolus dose of glucose was followed by a slow, 
low dose infusion to maintain hyperglycemia for at 
least 45 minutes. In this way, a near maximal stimulus 
to pancreatic secretion of insulin is produced resulting 
in a biphasic pattern of insulin release similar to that 
evoked in vitro from the isolated pancreas. Such a ‘single 
step' stimulus allows calculation of rates of glucose 
uptake without the limitations necessary if first order 
kinetics are assumed for this purpose. This report docu- 
ments the insulin response and its effect on plasma 
glucose in patients undergoing elective upper abdomi- 
nal surgery of moderate severity before, during and 
after operation. : 


Clinical Methods 


All 27 subjects were volunteer male patients under- 
going elective abdominal surgery such as that for peptic 
ulcer or gallstones. Each gave informed consent for the 
study. All had normal fasting values of plasma glucose 
and immuno-reactive insulin (IRI), and none had evi- 
dence of obesity, edema, gastric retention or re- 
ceived drugs known to affect glucose and IRI values. 
Each was allowed his normal diet on the two preopera- 
tive days, and each underwent a control GIT before 
breakfast on the day prior to operation (day — 1). 

In 18 subjects (group 1), glucose alone was given 
during the test. In six (group 2), a combined glucose 
and tolbutamide stimulus was used. The responses of 
the patients were re-examined on the day following 
operation (day +1). In a further three patients, GIT 
was studied during anesthesia and operation (group 3). 
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In all subjects, a strict management regimen was fol- 
lowed which was identical for all groups, except that 
.the patients of group 3 received halothane as part of 
their anesthetic. Patients of groups 1 and 2 received 
nitrous oxide, oxygen and fentanyl! alone. 


Glucose Infusion Test 


The protocol for this test is a modification of that 
described by Cerasi and Luft.* Following an overnight 
fast, or in the case of postoperative subjects an eight- 
hour period during which only saline was given intra- 
venousiy, a sampling cannula was placed in an ante- 
cubital vein and patency maintained by the slow infu- 
sion of 0.995 saline. An infusion cannula was placed 
in a vein in the other arm and, after an equilibration 
period, a basal blood sample drawn into a tube con- 
taining lithium heparin (12.4 units per ml of blood). 
Blood was chilled to 4? and plasma separated at once. 

The initial and the infusion doses of glucose in this 
study were given using an LKB multi-perpex pump 
giving a coefficient of variation of less than 2%. A 15% 
glucose solution was used at a dose of 0.926 mmol kg} 
body weight minute"! for three minutes and 0.11 mmol 
kg^ body weight minute from three to 45 minutes. A 
plasma glucose value of 20—25 mmol liter ! was achieved 
during infusion. Further samples were drawn at three, 
six, ten, 20, 30, 45, 60, 75 and 90 minutes. 

In the six patients (group 2) who received in addition 
to the glucose infusion, one gram tolbutamide (Rasti- 
non, Hoechst) by intravenous injection at 61 minutes, 
an additional sample was taken at 65 minutes in both 
pre- and postoperative tests. In these subjects, the vol- 
ume of the postoperative glucose infusion was re- 
duced by 10%, producing plasma glucose values which 
were similar in both pre- and postoperative situa- 
tions. For patients of group 3, the infusion period was 
60 minutes.  * l 


Analytical Methods 


Samples were stored at —20° until analysis in batches 
for each patient. Plasma glucose was measured with 
hexokinase and glucose 6—phosphate dehydrogenase 
(the Boehringer Corporation, London). The samples 
were assayed in duplicate and the coefficient of varia- 
tion of the method was three per cent. K values were 
calculated in the conventional manner from the decay 
curves obtained at the end of the infusion period. These 
were derived from the slope of a semilogarithmic plot 
of plasma glucose concentration against time, as de- 
scribed by Marks and Marrack.* 

Glucose disappearance rates were also calculated 
directly for each patient, this being possible if an esti- 
mate of distribution volume for glucose is made by 
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relating the observed rise in plasma glucose concen- 
tration from zero to three minutes to the dose infused 
during this time. Using this arbitrary volume and the 
known input of glucose, the expected rise in plasma 
concentration can be calculated assuming, as in all such 
tolerance studies, that hepatic glucose output is in- 
bibited. Comparison of this calculated concentration 
with the observed value allows a direct estimate of the 
rate of glucose uptake. l 

IRI was measured by a single antibody technique 
using antibody K5682 and human insulin standards sup- 
plied by Wellcome Reagents Limited, Beckenham. 
Incubation periods of 48 hours at 4° were allowed be- 
fore and after the addition of 1I insulin (IM38, Radio- 
chemical Centre, Amersham) and separation of bound 
and free fractions carried out with dextran-coated char- 
coal. A seven point standard curve from 0—35mu 
liter! was set up in triplicate, higher plasma values 
being assayed by dilution of the unknowns. These dilu- 
tions yielded parallel curves. As recommended by 
Albano et al.,! a volume of heparinised plasma, pre- 
viously extracted with charcoal, was added to the 
standard tubes to ensure identity with the unknown. 
The capacity of each patient's plasma to alter the ad- 
sorption of the labelled ligand to charcoal was assayed 
using tubes in which nonspecific binding was measured 
by omission of the antibody. These were compared 
with similar tubes in the standard curve and a correc- 
tion made if required. The activity of the charcoal bound 
ligand was determined using an automatic gamma 
counter (Nuclear Enterprises, Model 8311), and the re- 
sults stored on punched tape. A computer program 
employing logit transformation of the data was used for 
calculation of the results. The precision of the standard 
curve was five per cent within the working range and 
between assay variation was less than ten percent. The - 
sensitivity (limit of detection) of the system was 0.5mu 
liter. Samples assayed after repeated freezing and 
thawing, and reassayed at intervals over one year, 
showed no significant variation in result. 

The significance of differences between means has 
been assessed using a paired t test. 


Results 


The mean results of the preoperative GIT in the 18 
subjects receiving glucose alone (group 1), are shown 
in Figure 1, which serves to demonstrate the normal 
events of the test. Basal plasma glucose was 5.15 + 0.07 
mmol liter~! (mean + sem) and IRI was 5.93 + 0.53 mu 
liter~'. After three minutes of glucose infusion, plasma 
glucose was elevated to 20.0 + 0.84 mmol liter * and 
this hyperglycemia was maintained until the forty-fifth 
minute when the plasma glucose concentration was 
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Fic. 1. Changes in plasma 
glucose and immunoreac- 
tive insulin (IRI) concen- 
trations during preopera- 
tive and postoperative glu- 
cose infusion tests. The 
solid line represents glu- 
cose and the dotted line 
IRI. Values are means 
+ sem for the 18 patients of 
group 1. The preoperative 
test is on the left and the 
postoperative test is on the 
right. 
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/ 23.1 € 0.91 mmol liter~!. Conventional analysis of the 
decay curve from 45 to 90 minutes yields a mean pre- 
operative K value of 2.05, with a range from 1.30 to 
3.03. 

The IRI response to this sustained hyperglycemia 
was biphasic in all patients, a feature which tends to be 
obscured in the meaned data. A first phase peak of 
51.8 + 7.00 mu liter! was seen at six minutes. From 
ten minutes onwards, second phase values increased 
to a peak of 79.7 + 16.2 mu liter"! at 60 minutes. IRI 
values did not start to decline until the plasma glucose 
concentration had fallen below about 16 mmol liter“. 

When these subjects were retested 18—22 hours after 
the operation, a striking change was seen. Basal glu- 
cose values showed a highly significant increase to 
6.80 + 0.22 mmol liter! (p < 0.001) and the plasma 
glucose concentrations were increased throughout the 

.. infusion. Between three and 45 minutes, mean values 
rose from 23.3 + 1.25 to 28.4 + 0.64 mmol liter. The 
mean K value fell to 1.36 with a range from 0.69 to 1.79. 
Calculation of the rate of glucose disappearance dur- 
ing the test showed similar rates were achieved both 
pre- and postoperatively (Fig. 3). 

In the basal state, IRI values doubled postopera- 
tively to 11.8 + 1.14 mu liter! (p « 0.001) and there 
was an agumented second phase response rising to 
211 + 44.6 mu liter"! at 60 minutes (p < 0.002). 

In the six patients in group 2 in whom the postopera- 
tive glucose load was reduced by 1096 throughout the 
test, it may be seen from Figure 2 that plasma glucose 
levels achieved in the pre- and postoperative situations 
were the same and yet there was a significant increase 
in postoperative IRI response to both glucose and 
tolbutamide. The result of direct calculation of glucose 
uptake in both group I and group 2 are shown in Fig- 

... ure 3. Similar rates are seen both pre- and postopera- 


tively and these rates are not significantly changed by 
the extra insulin produced by the tolbutamide. 

All subjects in group 3 showed a considerable re- 
duction in the insulin values during the intraoperative 
test, despite the higher glucose values achieved (Fig. 4). 

The reproducibility of the GIT was assessed in six 
subjects who underwent repeat studies within one year 
of operation. Although the IRI responses varied con- 
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Fic. 2. Pre- and postoperative glucose infusion tests on the six 
patients of group 2. The glucose load was reduced by ten per cent 
in the postoperative test, and one gram tolbutamide was given 
intravenously at 61 minutes. Values are means + sem. The open 
symbols refer to preoperative tests and solid symbols to post- 
operative tests. 
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Fic. 3. Calculated glucose uptake rates during the GIT. Values 
are means + sem (n = 18 for group 1, and n = 6 for group 2). 
The open symbols and solid line refer to preoperative tests and 
closed symbols and dotted line refer to postoperative tests. For 
group 2, tolbutamide was given intravenously at 61 minutes. 


siderably in magnitude from person to person, even 
when comparable glucose values were achieved during 
the infusion and similar decay curves were observed 
(Fig. 5), the response was found to be reproducible 
under similar conditions within individuals. 


A Discussion 
The Glucose Infusion Test 


Both oral and intravenous glucose tolerance tests 
have been used extensively to examine glucose dy- 
namics and IRI responses in a wide variety of clinical 
situations, but interpretation of results remains difficult 
and it is clear that the relationship of plasma glucose 
to IRI is complex. The GIT used here is slightly more 
elaborate than the conventional bolus-only test and 
requires more careful attention to detail. For example, 
Kidson and Lazarus" have shown that the arterial glu- 
cose stimulus to the beta cell is closely correlated to 
the glucose dose but not to observed venous glucose 
values. Precision of injection is essential, and for this 
reason an accurate variable pump has been used in this 
study. However, the protocol offers several advan- 
tages. The use of a sustained plasma stimulus is less 
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vulnerable to changes in plasma volume and distribu- 
tion dynamics between the preoperative and post- 
operative tests. The IRI response elicited is biphasic, 
and characteristic of the perfused or perifused pancre- 
atic cell. The threshold for the production of the bi- 
phasic response to a single step glucose stimulus is 
approximately 7.5 mmol liter" and a near maximal 
effect is achieved at between 16 and 27 mmol liter-!.? 
Between these points, the dose response curve is of 
sigmoidal shape, the steep part of which lies in the nor- 
mal physiological range. The time course of the bi- 
phasic response is constant and both first and second 
phases increase and decrease together. Variation in the 
response occurs by changes in amplitude. The concen- 
trations of plasma glucose which elicit threshold and 
maximal insulin responses in man are similar to those 
which have been documented in vitro and the pattern 
of response is similar in both portal and peripheral veins. 
The evidence, therefore, suggests that the GIT is a valid 
indicator of portal vein events in human subjects, and 
avoids some of the complexities which would be intro- 
duced by staircase or ramp stimulation of the phased 
response to glucose. The technique also permits a cal- 
culation of the glucose disappearance rate, which 
makes no assumptions about the kinetics of glucose 
uptake. » 


The Assimilation of Glucose 


Analysis of conventional glucose tolerance tests 
frequently assumes glucose disappearance to follow 
first order kinetics and the first order rate constant (K 
value), is then calculated. In addition to the mathe- 
matical limitations of this analysis, there is ample 
evidence that glucose uptake is modified by the pres- 
ence of insulin and other hormones as well as the nutri- 
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Fig. 4. Changes in plasma glucose and IRI during pre- and intra- 
operative glucose infusion in patients of group 3. For these sub- 
jects, the period of glucose infusion was 60 minutes. The data 
for the preoperative test are shown on the left hand side and for 
the intraoperative test on the right hand side. The solid lines 
represent glucose and dotted lines IRI. Values are means + sem. 
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tional state of the subject, and does not depend only 
upon the prevailing glucose concentration, as would be 
the case in a first order system. The erroneous in- 
terpretation that the K value represents the rate of glu- 
cose uptake!??? leads to confusion, for example, in the 
present studies it would suggest that when the same 
glucose load is administered pre- and postoperatively 
(as in group 1), the postoperative uptake rate is de- 
creased (K preop = 2.05, and K postop = 1.36), while 
a reduction in the postoperative glucose load is not asso- 
ciated with a decrease in glucose uptake rate. This is 
difficult to interpret in physiological terms since for a 
first order system the higher glucose values of the post- 
operative test. of group 1 should result in a faster rate 
of glucose uptake. 

The alternative calculation of the rate of glucose dis- 
appearance suggested here shows that rates were simi- 
lar both pre- and postoperatively. The injection of 
tolbutamide produced a large output of insulin on both 
occasions, but this had a disproportionately small effect 
on the uptake rate. It would appear that under the con- 
ditions of the GIT, the insulin effect on glucose uptake 
was already maximal at 60 minutes when neither IRI 
nor glücose concentrations were rate-limiting for glu- 
cose disappearance. 


The IRI Response 


These studies suggest that the niagnitude of the sec- 
ond, prolonged phase of insulin secretion is correlated 
with the basal IRI value under different conditions. 
During operation, basal IRI was lower than preopera- 
tively, and a decreased IRI second phase was ob- 
served. Postoperatively, basal IRI values were ele- 
vated and an increased IRI second phase response 
was produced. Other studies to be reported in the fol- 
lowing paper have confirmed this association in respect 
of starvation and the response to intravenous carbo- 
hydrate feeding. Therefore, we may conclude that the 
GIT is of use in amplifying small, but definite physio- 
logical changes and further discussion of the mecha- 
nisms of postoperative hyperglycemia and hyperin- 
sulinaemia is appropriate. 


The Effects of Operation 


The data of Figure 1 show that the postoperative 
plasma glucose curve was the same shape as pre-opera- 
tively but at a slightly higher value. This is not sim- 
ply due to the higher basal hyperglycemia (5.15 mmol 
liter? preoperatively, 6.80 mmol liter"! postopera- 
tively) and can only represent a reduction in the dis- 
tribution volume and/or an additional input by hepatic 
gluconeogenesis. Since the curves were approximately 


~~ parallel during infusion, a reduced rate of uptake by the 


PLASMA INSULIN AND SURGERY I 


685 


30 


20 


15 












Plasma 5 ott, dao 
Glucose | #-D-o"0" u| Plasma IRI 
i W e— E ESE CE TE mUJ/ litre 
mmoljlitre o j a A aslo l 


minutes 


Fic. 5. Variation in the patient to patient response to glucose 
infusion in the normal subject. The two patients shown here 
represent the highest and lowest response in terms of IRI, (despite 
very similar glucose values for both patients). 


tissues in the postoperative test could only be ex- 
plained if there were simultaneous decreases in the dis- 
tribution volume. The distribution space, defined from 
calculation of the volume in which the glucose load 
would have been diluted to achieve the observed plasma. 
glucose concentrations at three minutes, fell in both 
group 1 and group 2 subjects by 1.24 and 0.59 liters re- 
spectively. It has been shown that although glucose 
loading inhibits hepatic glucose output in normal man, 
this is probably not the case following sepsis or in- 
jury?‘ and rates of glucose uptake could be even higher 
postoperatively than preoperatively. 

The three patients studied intraoperatively did not 
produce a normal IRI response despite the prolonged 
(60 minute) glucose infusion and the higher plasma 
glucose values achieved. Both glueose intolerance 
and the initiation of a catabolic response may be re- 
lated to insulin suppression. Interpretation, however, 
is complicated by pharmacological and anesthetic 
effects and the relationship of the sympathetic nervous 
system to insulin secretion. We have therefore used the 
limited intraoperative study only to confirm that the 
second phase IRI response was suppressed despiie 
hyperglycemia. An early rise in basal plasma glucose 
is seen during operation but there is no IRI response.’ 
Other situations in which we have observed a reduced 
response are starvation, in patients suffering from endo- 
toxic shock, and during ethanol induced hypoglycemia. 

Although there is a reduction in the response of IRI 
to glucose during operation, on the morning following 
operation, the IRI response to both glucose and tol- 
butamide is greatly enhanced. There is no clear evi- 
dence to suggest that glucose uptake by the tissues 
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is impaired on the first postoperative Toming and may 
be increased if hepatic gluconeogenesis éoritinues dur- 
ing. the test, as suggested by the increase in basal hy- 
perglycerüia. As suggested by Frayn and Heath, both 


plasma glucose and plasma insulin may be better re- 
garded a as variables dependent on the rate of glucose 


an individual role i in fiomeostasis. Overall the capacity 
of thé body to maintain rates of glucose uptake under 
widely different conditions is remarkable. 
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Later Changes and the Effect of Intravenous Carbohydrates 


A. E. B. GIDDINGS,* B. J. ROWLANDS; D. MANGNALL, R. G. CLARK 


Long-terin hyperinsuliiiernia and improved | glucose tolerance 
wére produced postoperatively, by intravenous feeding with 
glucose .or sorbitol. Raised immuno-reactive insulin GRD 
valües persisted eight hours after carbohydrate infusions al- 
though the basal plasma glucose concentrations had returned 
to control values. Plasma glucose curves were normal at this 
time but were associated with an increased IRI response. 
These findings suggest that insulin secretion is modified by 
glucose not only in the short term but also by a separate 
effect acting over many- hours. The combination of starva- 
tion. and low dose glucosé infusion to simulate the hyper- 
glyceniia of: operation’ also produced high IRI values but 
these were associated with a rapid fall in the plasma glucose 
curve.. Starvation alone reduced basal values of plasma glu- 
cosé and IRI, and the IRI: resporise to glucose infusion was 
also reduced, despite the plasma - glucose curve being at a 
higher lével. It is suggested that the high values of IRI re- 
ported in the. postoperative period are mediated by a long- 
term effect of the small; but sustained rise ii basal plasma 
glucose. This specific role of glucose in the long-term po- 
tentiation of insulin secretion make it the carbohydrate of 
choice for the intravenous feeding in postoperative patients. 


. q OST REPORTS OF ALTERATIONS in glucose toler- 
M ance and the insulin resporisé in injury or opera- 
tion are concerned with the immediate effect of the 
stimulus and little attention has been given to the role 
of smaller but sustained rises in basal plasma glücose in 
tlie long term modification of tlie pancreatic résponse. 
An increasing awareness of the nutritional deficiencies 
of the convalescent patient and the desire of the 
clinician to limit wastage of lean body niass during 
injury; operation and recovery have refocussed at- 
tention on the regulatory role of insulin.? This paper 
reports changes in tlie short and long term relation- 
ship of plasma glucose to IRI and the modification 
9r that relationship by intravenous carbohydrate. 
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Clinical Methods 


Eighteen male subjects who had undergone elective 
abdominal surgery (Group I of the previous paper) 
were allocated to one of three subgroups niatched by 
age and weight. Six subjects received intravenous 
feeding with glucose, six with sorbitol, while the re- 
mainder were given intravenous saline ` throughout 
the study. Carbohydrate was administered at a 
dose of 142.8kJ (34 kcal) kg body weight day"! from 
0800 hours to 2400 hours ori the first, second and third 
postoperative days. In all groups water arid electrolyte 
intakes were identical and were related to body weight, 
only water being allowed by mouth. On the morning 
of the fourth postoperative day a glucose infusion 
test (GIT) was carried out as detailed in the previous 
paper. Oral feeding was then resumed. Basal blood 
samples were obtained daily at 0800 hours. 

The immediate effects of the glucose, sorbitol and 
fructose feeding regimens were assessed by a separate 
study. A further group of 18 male patients (Group 4) 
admitted for elective upper abdominal operation were 
randomly allocated to receive a glucose, sorbitol or 
fructose infusion. These tests were carried out at 0800 
hours on the morning prior to operation after an 8 
hour fast and repeated at 0800 hours on the first post- 
operative morning, the patient having received only 
0.996 saline intravenously during and foliowing sur- 
gery. The rate of infusion was that recommended 
for use as an intravenous feeding regimen’? (2.78 
mmol kg“ body weight hour^!) and was given for a 
period of two hours at the end of which time a new 
steady state had been established: Infusions were 
given into an antecubital vein and venous blood drawn 
from the opposite arm both in the basal state and at 
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Beo FiG. 1. Changes in plasma 
glucose (solid line) and 
iN 280 plasma IRI (dotted line) 
during GITs in patients of 
240 Group 1 on the fourth post- 
'25 operative morning (Day 
200 +4) following intravenous 
Sö feeding with glucose, sorbi- 
58 tol or saline. Values are 
means + sem, n.— 6. Car- 
15] " bohydrate feeding pro- 
go vided 142.8kJ (34 kcal) 
kg body weight day~! and 
80 was given from 0800-2400 
hours on the first, second 
Plasma 5 40 and third postoperative 
Gucose |; IRI days. 
mmoljiitre o Sh tt n A ato mU/litre 


minutes 


30, 60, and 120 minutes after the commencement of 
the infusion. A further sample was taken one hour 
after the end of the infusion. 

Six male volunteers (Group 5) were admitted to 
hospital to undergo a regimen of diet and activity 
similar to our surgical subjects. Each underwent a 
control GIT as described in the previous paper 
on the morning before ‘‘operation.’’ At the time 
when surgery would have occurred a low dose glucose 
infusion was begun to simulate the hyperglycemia 
of operation. This produced a plasma glucose rise and 
subsequent slow fall similar to that seen in our 
operated subjects. On the morning after ‘‘operation”’ 
the GIT was repeated. In three other patients (Group 
6) similar GIT’s were carried out, firstly after the 
normal eight hour fast and then following a 48 hour 
fast. This was used as an indicator of the effect of 
starvation in our surgical patients. Analytical methods 
and other aspects of management were as described 
in the preceding paper. 


Results 


The data from the GIT on patients who had received 
three days of intravenous feeding with glucose or 





sorbitol are shown in Figure 1 compared with the con- 
trol group who received saline alone. It may be seen 
that plasma glucose concentrations during the infusion 
were similar for both carbohydrate-fed groups and that 
the decay curves closely resembled those obtained 
preoperatively. In contrast the ‘saline only’ group 
showed a more ''diabetic" curve with higher glucose 
concentrations. 

There were marked differences in the IRI responses, 
the glucose-fed group having higher values than on 
the day after operation, the sorbitol-fed group being 
unchanged and the saline group showing a response 
which was less than that on the day after operation but 
to their preoperative test. It may be concluded that a 
normal IRI value is inadequate to maintain normal 
glucose tolerance at this stage of convalescence but 
that an exaggerated response, due to previous glucose 
or sorbitol feeding may do so. From the first morning 
after operation to the morning of the test on the fourth 
postoperative day mean basal plasma glucose fell by a 
similar amiount in each group (Table 1). In the two 
carbohydrate fed groups however, mean basal plasma 
IRI remained raised, while that of the ‘saline only’ 
group fell (Table 1). This may be taken as evidence 
of the long term modification of the relationship be- 


TABLE 1. Basal Values of Glucose and IRI on Day —1, Day +1 and Day +4 for the Patients 
Receiving Intravenous Feeding with Glucose, Sorbitol or Saline* 

















Day -1 Day +1 Day +4 
Glucose . IRI Glucose IRI Glucose IRI 
mmol liter? pb liter? mmol liter * p liter! mmol liter! . p liter"! 
Glucose fed 4.98 + 0.14 7.19 + 0.98 6.83 + 0.33 14.2 + 2.29 5.34 + 0.25 14.9 + 1.53 
Sorbitol fed 5.23 + 0.14 5.47 + 0.68 7.22 + 0.33 11.6 + 1.74 5.83 + 0.12 11.4 + 1.95 
Saline 5.22 + 0.10 5.12 + 0.94 6.33 + 0.43 9.73 + 1.71 4.66 + 0.17 4.19 + 0.24 


* Carbohydrate was given from 0800—2400 hours on day one, two and three at a dose of 142.8kJ (34 kcal)kg"! body weight day"! 


Values are mearis + sem, n = 6 for each group. 
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Days after Operation 


Fic. 2. Postoperative changes in mean basal plasma glucose 
and IRI in the patients of Group 1 receiving glucose intravenously 
shown on the left hand side of the panel and those receiving 
saline alone on the right hand side. A standard oral diet was 
taken by all subjects from the. morning of the fourth postopera- 
tive day (day +4) after basal sampling. Closed circles denote the 
basal samples prior to the start of oral feeding and open squares 
denote the samples after. í 


tween basal glucose and IRI due to carbohydrate 
feeding. 

When the postoperative changes in the basal values 
of plasma glucose and IRI are compared and con- 
trasted in the glucose-fed and saline-only patients fur- 
ther evidence of a long term modification of the rela- 
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Fic. 3. Changes in plasma 
glucose and IRI (mean 
+ sem, n = 6) in patients 
of Group 4 receiving a two 
hour infusion of glucose, 
sorbitol or fructose at a 
therapeutic rate of 2.7 
mmol kg! body weight 
hrt. The upper panel refers 
to preoperative tests (day), 
and the lower panel to tests 
on the first postoperative 
morning (day*!). The solid 
line represents glucose 
values and the dotted line : i 
IRI values. 
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tionships between plasma glucose and IRI, by feeding 
is observed. In Figure 2 changes in daily basal values 
are plotted from the first preoperative morning. During 
days +1 to +4 while the intravenous regimen 
was given basal plasma glucose fell by a similar 
increment in both groups. In the glucose-fed basal 
IRI remained at a high value but in the saline- 
only group a steep decline is seen. All patients resumed 
a standard diet on day +4. This caused no change in 
the basal plasma glucose in those previously exposed 
to intravenous glucose feeding and the IRI values of 
these fed patients declined sharply to the preoperative 
range. In those not so adapted a steep, immediate 
rise in basal plasma glucose is seen, accompanied by 
arise in IRI over a two day period. 

The immediate results of the administration of glu- 
cose, fructose and sorbitol in patients of Group 4 are 
shown in Figure 3. There were no differences between 
the groups basal plasma glucose or IRI values before or 
after operation (Table 2). 

In the preoperative tests only the infusion of glu- 
cose produced a response. Following operation how- 
ever all three carbohydrates gave rise to significant 
increase in both plasma glucose and IRI. In the group 
receiving sorbitol there was no significant increase in 
circulating fructose. 

In patients of Group 5, the simulated operation 
group (Fig. 4), the exaggerated IRI response of the first 
postoperative day has been reproduced, but in con- 
trast to the postoperative state the plasma glucose curve 
of these subjects declines rapidly even during the infu- 
sion. The second phase of insulin secretion is conse- 
quently diminished towards the end of this test. 

Starvation alone (Group 6, Fig. 5) produced both a 
higher glucose curve and a reduction in IRI response. 
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TABLE 2. Basal Values of Plasma Glucose and IRI for the 
Group 4 Patients Receiving Glucose, Fructose 
or Sorbitol Infusions* 








Day -1 Day +1 
Glucose IRI Glucose IRI 
mmol liter-' mu liter^ mmol liter~! mu liter 
Glucose 5.06 + 0.14 4.54 1.3 6.61 +0.32 9.15415 
Fructose — 5.11 +0.03 4.73 € 0.9. 6.56 0.22. 8.47 € 2.3 
Sorbitol 5.22 + 0.14 4.65 2 0.9 6.33 € 0.19. 6.9 x 0.7 





* Values are means sem, n — 6 for each group. 


These changes are associated with a fall in the basal 
plasma glucose values from 4.25 + 0.34 to 3.46 + 0.13 
mmol liter“! and a fall in basal IRI from 8.7 + 1.6 to 
5.1 + 0.5 pw liter. 


Discussion 


The effect of different carbohydrates on insulin 
secretion in the altered metabolic state of the post- 
operative patient is not well understood. Interpre- 
tation of data from the critically ill is difficult due to 
the interaction of many factors such as toxemia, 
sepsis, fluid shifts and therapy. We have therefore 
preferred the lesser but still detectable response of 
the elective surgical subject as a model for study since 
both the course of the injury and convalescence 
are usually predictable and a standard management 
regimen is suitable for almost all cases. In such pa- 
tients the response to trauma as indicated by an ele- 
vation of besal plasma glucose continues for five 
to seven days and tolerance to intravenous glucose 
may be abnormal up to the eighth day postoperatively. 
Both of these effects may be related to increased 
hepatic gluconeogenesis, and it may not be necessary 
to postulate any impairment of glucose utilisation by 
the tissues postoperatively. It may be considered 
that in some situations the uptake and utilisation of 
glucose has teen facilitated by long-term exposure to 
mild hyperglycemia. 


The Effects of Plasma Glucose on the IRI Response 


There is already considerable evidence to link the 
magnitude of the IRI response not only to the strength 
of the stimulus itself but also to the concentration 
of glucose which surrounds the islet cell when that 
stimulus is applied. It has been shown that the IRI 
response to glucagon?’ and to tolbutamide? depends 
on the prevailing plasma glucose concentration, and 
the work reported here suggests that the plasma glu- 
cose profile of the preceding 12-24 hours also has an 
important influence in determining the magnitude of 
the immediate IRI response to glucose. On the first 
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postoperative morning, following several hours ex- 
posure to mild hyperglycemia, all patients showed an 
exaggerated IRI response during glucose loading as is 
shown in the preceding paper. On the fourth post- 
operative morning, the IRI response to glucose load- - 
ing was still increased in those patients who had been 
subjected to hyperglycemia during intravenous feed- 
ing on the previous days. In the saline group the 
IRI response had fallen to normal values. This suggests 
that the magnitude of the IRI responses (Fig. 1) was 
related to the degree of hyperglycemia achieved dur- 
ing feeding (Fig. 3). The amount of the increase in 
the glucose-fed is more than in the sorbitol-fed. 
Postoperatively glucose feeding produces marked 
hyperglycemia but sorbitol feeding also produces 
some hyperglycemia. Similarly the volunteer sub- 
jects undergoing simulation of surgical hyperglycemia 
demonstrate that the IRI response of the postopera- 
tive subject can be reproduced by mild continued 
hyperglycemia alone (Fig. 4). 

Further evidence that the IRI response during glu- 
cose loading is conditioned by the long term effects 
of plasma glucose concentration over the hours pre- 
ceding the test is shown by the response to starva- 
tion in normal subjects and also by postoperative 
patients deprived by carbohydrate during convales- 
cence. In both groups basal plasma glucose values 
fell slightly but steadily over many hours. During the 
GIT both groups show plasma glucose curves which 
are higher than in control, fed subjects, and the IRI 
response is reduced. For the postoperative subjects, 
starvation has reduced the basal glucose concentra- 


Pre Glucose iv Post Glucose iv 
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160 


120 
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Fic. 4. Dependence of the GIT response of normal subjects on the 
degree of hyperglycemia preceding the test. GITs were performed 
before and after the administration of ten per cent glucose solution 
for 16 hours at a rate which was adjusted to produce changes in 
plasma glucose concentration similar to those seen during opera- 
tion and in the immediate hours following surgery. The left hand 
panel shows the results prior to glucose administration and the 
right hand panel the results obtained after glucose administration. 
The solid line represents glucose and the dotted line IRI values. 
Values are means + sem, n = 6. 
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Fic. 5. Changes in the 
GIT response due to starva- 
tion. Values are means 
+ sem, n=3. The left 
hand panel shows results of 15 
the normal subject and the 

right hand panel shows the 

effect of 48 hours starva- 10 
tion. The solid line repre- 
sents glucose values and 
the dotted line IRI values. 
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tion from the raised values of day +1 to that of the 
normal, non-operated individual, and the IRI response 
has similarly fallen to a normal value. Starvation of 
the unoperated subject has also reduced the basal 
plasma glucose but in this case from normal to sub- 
normal values and we see that the IRI response has 
also been reduced to subnormal values. Such differ- 
ences appear small but may, after many hours, 
effect profound changes in insulin secretion. 
The data of Figure 2 showing the different reactions 
of intravenously fed and starved patients to an oral 
diet also suggests that there is an important time- 
dependent adjustment of plasma glucose to IRI by 
nutrition. The rapid fall in IRI with no change in 
plasma glucose of the fed patients is in sharp con- 
trast to the immediate hyperglycemia and two day 
rise in IRI of those who are not so adapted. It 
might be suggested that the adjustment to a fed state 
. requires several days exposure to higher values of 
plasma glucose and that during this time increased 
values of IRI and glucose are required simultaneously 
in the previously starved subject. It is pertinent to 
consider how these clinical changes are correlated with 
experimental evidence linking glucose concentration 
surrounding the islet cell, IRI secretion and glucose 
uptake. 


Interrelationship of Glucose Concentration and in- 
sulin Secretion 


In isolated rat islets it has been shown that a 
sigmoidal curve characterises the relationship between 
(pro) insulin synthesis and the glucose concentration 
of the incubation medium (19). Studies in vitro and in 
man have established that a similar, nonlinear relation- 
ship exists between the immediate effects of glucose 
and insulin secretion. The effect of this is that within 
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the physiological working range small changes in glu- 
cose concentration may effect large changes in insulin 
synthesis and secretion.’ It has also been shown 
that the percentage of stored insulin which is released 
is low, probably about five per cent.® 


Starvation, Hypoglycemia and Reduced IRI Secre- 
tion 


The effect of starvation has been extensively studied 
in the 48 hour fasted rat by Grey et al.? The insulin 
response to glucose was reduced by starvation but the 
pancreas of starved animals contained similar amounts 
of insulin to that of the control animals and the re- 
sponse to stimulants other than glucose was not im- 
paired. It is likely, therefore, that the site at which the 
reduced response of starvation is determined is not in 
the secretory mechanism itself.? It is known that 
carbohydrate feeding has a specific role in preserving 
a normal IRI response and the administration of 
minute, calorifically insignificant amounts of glu- 
cose to the starved rat can ameliorate the impairment 
of glucose stimulated insulin secretion. On this basis 
Grey and his colleagues have postulated the existence 
of a sensitive glucose-inducible enzyme system in the 
pancreatic B cell. It has been shown by Hedeskov 
and Capito’ that the secretory response and rate of 
glucose utilisation and glycolysis are decreased in 
isolated islets from starved mice at all glucose con- 
centrations. In starvation the dose response curve for 
glucose stimulated insulin release is both flattened and 
shifted to the right indicating a severe impairment of 
insulin release over the normal physiological range, 
but the secretory capacity in response to very high 
glucose concentrations remains unchanged.” These 
displacements are also seen for curves of glucose 
utilization rate against glucose concentration. Hedes- 


692 


kov and Capito” conclude that the km (glucose) for the 
rate limiting step in glucose utilization (phosphoryla- 
tion of glucose) has been increased two-fold by starva- 
tion, and that ‘‘the most likely explanation of the 
effect of starvation on insulin secretion is that the pro- 
longed hypoglycemia of starvation itself (or a changed 
concentration of a glucose metabolite in the islets) 
has decreased the sensitivity of the substrate-site 
glucoreceptor in situ by increasing the Km value for 
glucose phosphorylation and utilisation. . . ." 

This view is consistent with the finding of a re- 
duced IRI response to the GIT in 48 hour starved 
subjects, reflecting both the low basal plasma glucose 
value at which the test starts and a time-dependent 
effect mediated by the mild but continued hypo- 
glycemia of the previous 12-24 hours. The changes 
shown in Figure 2 during refeeding might also be 
explained on the basis of this hypothesis. 


Feeding, Hyperglycemia and Potentiation of IRI 
Secretion 


In this study we have shown that intravenous carbo- 
hydrate feeding can exaggerate the IRI response to 
glucose, that the rise is proportional to the increase 
observed in plasma glucose when intravenous glucose 
or sorbitol are given in the postoperative period, and 
that hyperglycemia alone can exaggerate the insulin 
response in nonsurgical subjects. 

Potentiation of insulin secretion by hyperglycemia 
in the short term has been shown by Cerasi? to increase 
the slope of the dose-response curve. This response 
to the priming hyperglycemia was independent of the 
release of insulin during the first stimulus.* The data 
for Group 5 show that small degrees of hyperglvcemia 
over several hours can produce an enhancement of 
IRI release during subsequent glucose loading and 
thus confirm the suggestions of Porte and Pupo.!5 
Alteration in the rate of glucose metabolism during 
prolonged exposure to raised glucose concentrations 
is suggested by our finding that constant infusion of 
glucose over 16 hours in fasting man produced a peak 
plasma glucose and IRI response at about three hours 
and then both declined to a new value which was still 
slightly raised above true basal over the next three 
hours. An adaptation of this type was not seen during 
five hour fructose infusion studies (B. J. Rowlands- 
unpublished). 

We may conclude that glucose uptake rates are 
similar for each of the situations studied. The differ- 
ent plasma glucose concentrations achieved during 
the GIT’s suggest that what has changed is the value 
of plasma glucose at which that rate is maintained. 
These differences are clearly apparent when one com- 
pares the results of Groups 5 and 6. Review of Figure 2 
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would suggest that a similar effect was responsible * 
for changes in basal glucose and IRI during refeeding. 
In the patients previously exposed to intravenous glu- 
cose the introduction of food causes no rise in post- — 
absorbative values of glucose, and IRI actually falls. 
Such low concentrations are not seen in patients given 
saline alone. It is clear that their basal IRI values 
do not ‘‘recover’’ until the second day after refeeding 
and that high values of glucose and IRI are main- 
tained for several days. These findings would be ex- 
pected if long term exposure to glucose facilitated its 
metabolism, allowing uptake rates to be maintained 
at relatively lower concentrations of both glucose and 
IRI. Andersson! has shown high glucose concentra- 
tions to have long term effects in increasing glu- 
cose oxidation rates in cultured mouse pancreatic islets 
and so provides support to this interpretation of the 
clinical data. It may be concluded that it is not only 
the short term effects of glucose infusion which are * 
studied during the GIT, but also a time dependent 4 
modification of that effect due to the plasma glucose 
profile of the preceding day. 


Clinical Application 


The implication of these findings for intravenous 
therapy may be briefly evaluated. All currently avail- 
able intravenous carbohydrates are likely to have, 
through glucose, a time dependent effect in potentiat- 
ing insulin secretion and facilitating the metabolism 
of glucose. This supports the view of insulin as a ‘fed’ 
signal and is of direct importance in planning the 
therapy of the critically ill. In the catabolic patient 
there appears to be no a priori case to choose an 
alternative calorie source for intravenous feeding. 
Fructose and sorbitol have little effect on insulin 
secretion, particularly at the low concentrations: ^ 
achieved during normal nutritional use.* Claims for 
the preferred use of sorbitol and fructose, in particular 
their theoretical advantage in stress situations and - 
alleged independence from insulin! are without real 
foundation. There is no doubt that in normal subjects 
clearance of fructose from the circulation is rapid, 
proportional to concentration, and unaffected by pre- 
vious carbohydrate deprivation but as discussed by 
Froesch? much of administered sorbitol and fructose 
is converted by the liver to glucose and subsequent 
metabolism by extra-hepatic tissues must then depend 
on the presence of insulin. In contrast glucose utilisa- 
tion is slower and subject to a variety of intra- 
cellular regulators. 

The rapidity with which the circulation is cleared 
of fructose and sorbitol may be associated with 
serious side effects, particularly in the critically 
ill.?* At present, therefore, there is no situation in which ^ 
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sorbitol or fructose are to be preferred and the in- 
creased risk of lactic acidaemia which they present 
is a contraindication in the postoperative patient.?? 
There is little evidence of a defect in the metabolism 
of glucose in the present studies. Studies in vitro 
suggest that even with the severe stress of hemor- 
ragic shock and anoxia uptake by muscle is likely 
to be increased rather than reduced.’ The only clini- 
cal situations where we have observed a possible re- 
duction in glucose assimilation rate is in patients 
suffering profound metabolic disturbances as a conse- 
quence of severe sepsis with endotoxic shock. Here 
the absence of ari insulin response is but one feature 
of generalised metabolic failure. 

The unique long term action of glucose on both 
rates of glucose oxidation and enhancement of insulin 
synthesis and release and also its effect on plasma 
values during the reintroduction of oral feeding would 
provide firm evidence that glucose must be considered 
as the carbohydrate of choice for the intravenous 
feeding of the surgical patient. 
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Follow-up Study of Gastrin Response After Resection 


of the Jejunum and the lleum 


TATEHIRO KAJIWARA, M.D., KATSUHIRO TAMURA, M.D., TAKASHI SUZUKI, M.D. 


An experimental study was.conducted on the effect of resec- 
tion of the jejunum and ileum on gastrin release. The 
intravenous, infusion of L. arginine in a dose of 0.3 g per 
kg body weight for 30 minutes proved to be most practical 
in evaluating gastrin release in addition to insulin and glucagon 
rélease. Serum gastrin levels in response to this dose of arginine 
were determined before and three weeks, three months and 
one year after resection of the jejunum and of the ileurn. At 
three weeks, a significant increase in gastrin levels occurred 
in both the fasting state and after stimulation in dogs with 
either jejunum or ileum resection. At three months; the ele- 
vated -gastrin response persisted only in those with jejunum 
resection. By one year, the gastrin levels had fallen in almost 
all dogs té approximately the preoperative levels. 


YPERSECRETION OF GASTRIC ACID after massive 
H intestinal resection has. been widely documented 
in both clinical? -and experimental studies," but its 
mechanism is still a matter of spéculation. Recenily, 
it has beén reported that an increase in Serum gastrin 
levels frequently occurs in short bowel syndrome, sug- 
gesting a close relationship between hyperacidity and 
hypergastrinemia.*5 There are, however, some dis- 
crepancies in the literature concerning the developmerit 
of this hypergastrinemia. Straus and his associates!? 
insisted that high gastrin levels coritinued for six yeárs 
after massive intestinal resection, while Moossa and liis 
coworkers? demonstrated no increase in gastrin levels 
six months after removal of the ileum. These con- 
tradictory - results may be due to the difference in 
lerigth of time after the resection, the differerice in 
the resected portion of the small intestine or the dif- 
ference in the method of stimulating gastrin release. 
In fact, there does not seem to have been any system- 
atic investigations analyzing the change of gastrin 
release after resection of different parts of the intestine. 
The purpose of this experimental study is to follow 
the changes of gastrin lévels up to one year after 
intestinal resection, and to compare the effect on gas- 
trin release of jejunum resection with ileum resec- 





Reprint requests: Tatehiro Kajiwara, M.D., First Departmient of 
Surgery, Kyoto University Medical School, Shogoin, Sakyo-ku, 
Kyoto, 606, Japar. 

Submitted for publication: December 16, 1976. 


From the First Department of Sume Kyoto University 
Medical School, Kyoto, Yapan 





tion. As a potent stimulator of gastrin release, the 
intravenous infusion of L. arginine was used in the 
present study. The reasonable dose -of arginine for 
evaluating the endocrine function of the stomach was 
determined and the efficiency of the arginine load is 
discussed. 


Materials and Methods 


Determination of the Appropriate Dose of L. arginine 
for the Assessment of Gastrin Release 


In order to determine the best dosé of arginine for 
evaluating gastrin release, various doses of arginine 
were infused intravenously; and the concentration of 
gastrin in the peripheral venous blood was meas- 
ured. L. arginine in doses of 0.25, 0.5, 1.0 and 2.0g 
per kg body weight was infused during a 30 minutes 
interval in five healthy dogs on different days. Blood 
samples were taken before, and three; five, teri, 20, 
30, 40, 50 and 60 minutes after the beginning of thé 
arginine infusion, and serum insulin and glucagon as 
well as gastrin were assayed. Gastrin and insulin levels 
were measured by radioimmunoassay with a CIS— 
Kit, and glucagon with 30 K antibody by the method 
of Unger et al. All studies weré conducted under 
general anesthesia with intravenous sodium pento- 
barbital. 


Changes of Gastrin Response in Enterectomized Dogs 


Twelve mongrel dogs of both sexes weighing 10— 
15 kg were divided into two groups, one with j jejunum 
resection (five dogs) and the other with ileum resection 
(seven dogs). In jejunum resection the. intestine was 
removed from 5 cm distal to the ligament. of Treitz to 
the mid-point of the small intestine; and in ileum resec- 
tion from the mid-point to 5 cm proximal to the ileo- 
cecal junction. After resection, end-to-end jejuno- 
ileostomy was performed to restore the intestinal 
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continuity. An intravenous infusion of L.arginine in a 
dose of 0.5 g per kg body weight for 30 minutes was 
used for the measurement of serum gastrin on the 
basis of results of the above experiment. The changes 
of gastrin levels in response to arginine infusion were 
followed in the same animals before, and three weeks, 
three months and one year after the intestinal re- 
section. The animals were fasted for 18 hours before 
the stüdy with free access to water. 


Results 


. Response of Gastrin to the Various Doses of Arginine 


As shown in Figure 1, the response of gastrin de- 
pended on the dose of infused arginine. The infusion 
of 0.25 g of arginine per kilogram for 30 minutes pro- 
voked gastrin release, which reached a peak ten min- 
utes after the onset of the infusion (Fig. 2a). This 
response curve was monophasic and the initial peak, 
which was usually shown with higher doses of arginine, 
was absent. The infusion of 0.5 g per Kg produced a 
biphasic response curve, the peaks being seen at five 
and at 20—30 minutes. The fall of the gastrin level 
after the end of the infusion was not so rapid as after 
larger doses of arginine, suggesting that the inhibitory 
effect of concurrently released glucagon on gastrin 
levels was only minimal (Fig. 2b). With a dose of 
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1.0 g per Kg of arginine, the gastrin response showed 
a large peak in the initial phase, which was followed 
by a decliniation after the end of the infusion (Fig. 2c). 
These secretory patterns tended to be more obvious 
after a dose of 2.0g per kg of arginine; the initial 
peak became more prominent and the lowering of gas- 
trin levels after the end of the stimulation was more 
rapid. The rapid decrease in gastrin levels after the 
larger dose of arginine might be caused by the large 
amount of simultaneously released glucagon (Fig. 2d). 
The release of insulin in response to’ the stimulation 
was biphasic with all doses of arginine; the initial 
peak occurred three minutes after the start of the in- 
fusion, and the second peak became more obvious as 
the amount .of infused arginine increased. The re- 
sponse of glucagon to arginine was featured by a peak 
20—30 minutes after the beginning of its infusion. 
With increasing arginine dosage, the peak became 
prominent and prolonged. In addition, hyperglycemia 
was simultaneously induced by these high arginine 
doses. Thus, 1.0 and 2.0g per kg of arginine pro- 
voked a larger amount of insulin and glucagon release, 
which probably exerted a secondary influence on gàs- 
trin release, indicating that the infusion of larger doses 
of arginine is not appropriate for evaluating the endo- 
crine function of the stomach and the pancreas. On 
the basis of these results, we have come to the c con- 
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Fic. 2a. Response to the infusion of 0.25 g L. arginine per kilogram 
of body weight for 30 minutes. The response of serum gastrin (solid 
line with solid circles), serum insulin (broken line with open circles), 
serum glucagon (broken line with solid circles) and blood glucose 
(broken line with triangles) to L. arginine. 
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Fig. 2b. Response to the infusion of 0.5 g L. arginine per kilogram 
of body weight for 30 minutes. The response of serum gastrin (solid 
line with solid circles), serum insulin (broken line with open circles), 
serum glucagon (broken line with solid circles) and blood glucose 
(broken line-with triangles) to L. arginine. 
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Fic. 2c. Response to the infusion of 1.0 g L. arginine per kilogram 
of body weight for 30 minutes. The response of serum gastrin (solid 
line with solid circles), serum insulin (broken line with open circles), 
serum glucagon (broken line with solid circles) and blood glucose 
(broken line with triangles) to L. arginine. 
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Fic. 2d. Response to the infusion of 2.0 g L. arginine per kilo- 
gram of body weight for 30 minutes. The response of serum gastrin 
(solid line with solid circles), serum insulin (broken line with open 
circles), serum glucagon (broken line with solid circles) and blood 
glucose (broken line with triangles) to L. arginine. 
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clusion that the infusion of L.arginine in a dose of 0.5 g resection, it increased to 72.6 + 4.10 pg/ml (p < 0.05) 
per kg for 30 minutes is the most rational method of and three months after resection to 75.0 + 8.20 pg/ml 
investigating gastrin release, as well as insulin and (p < 0.05), which however fell to 58.5 + 2.50 pg/ml one 


glucagon release. year after the resection. After ileal resection, a similar 
i : . increase in basal gastrin level also occurred at three 
Gastrin Release in Enterectomized Dogs weeks but by three months the basal level had already 


The fasting gastrin level before intestinal resection returned to the preoperative value. Thus, intestinal 
was 50.1 + 6.02 pg ml. Three weeks after jejunum resection resulted in the hypersecretion of basal gas- 
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Fic. 5. Gastrin release in 
response to the intravenous 
infusion of L. arginine, be- 
fore intestinal resection 
(solid line with solid cir- 
cles), one year after jeju- 
num resection (broken line 
with open circles) and 
ileum resection (broken 
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trin, which persisted for a longer period after jejunum 
resection than after ileum resection. À marked increase 
of gastrin release in response to arginine was also 
shown three weeks after both intestinal resections 
(Fig. 3). At three months, this higher response per- 
sisted only after jejunum resection, while it returned 
nearly to the preoperative response after ileum re- 
section (Fig. 4). At one year, the gastrin response to 
arginine after both jejunum and ileum resections was 
not significantly different from the preoperative re- 


sponse (Fig. 5). 


Discussion 


Gastric hypersecretion after resection of the small 
intestine was first observed by Stassoff.'? Since then, 
there have been many clinical and experimental in- 
vestigations of the effect on gastric acid secretion of 
resection of different parts of the small intestine. The 
results were, however, contradictory: Westerheide, 
Copeland and their coworkers*!* demonstrated that a 
greater increase in gastric secretion occurred after 
resection of the proximal small intestine than after 
resection of the distal intestine, whereas Osborne and 
his associates? observed that lower small bowel re- 
section was followed by a greater increase in gastric 
secretion than resection of an equal length of upper 
bowel. The definite mechanism responsible for this acid 
hypersecretion following intestinal resection is still un- 
known. Recently, it has been documented that massive 
intestinal resection is followed by the release of much 
gastrin in dogs? and man. Junghanns and his col- 
leagues* observed that higher gastrin levels were reached 


40 50 60 


minutes 


in dogs 14—24 days after resection of the proximal half 
of the intestine than after that of the distal half. They. 
postulated that the proximal half of the small intestine 
might play an important role in the inactivation of en- 
dogenous gastrin. Later, Moossa and his coworkers? 
investigated the effect of resection of the distal small 
intestine in rhesus monkeys. Although a significant rise 
was noted in the level of fasting serum gastrin six weeks 
after removal of the intestine, it had fallen to the con- 
trol values by six months. Regrettably no comparative 
studies between fasting and stimulated gastrin levels, 
and between proximal and distal intestinal resections 
were reported in their experiment. These discrepancies 
as to gastrin release after intestinal resection might be 
due to differences in the method of stimulating gastrin 
release, in the length of time after intestinal resection, 
or the portion of the small intestine resected. 
Various methods have been tried to detect the best 
stimulation of gastrin release. Among them feeding? 
and insulin hypoglycemia?5 are widely used as potent 
stimulators, but there are some problems in these two 
methods. Gastrin release in response to feeding de- 
pends upon the state of the gastrointestinal tract. In 
addition, constant feeding is not always feasible in ani- 
mal experiments. Gastrin release in response to insulin 
is induced by the vagal stimulation caused by hypo- 
glycemia, and this is deeply influenced by the blood 
glucose levels at the time of the experiment. More re- 
cently, it was reported by Kalk and his associates? that 
intravenously administrated L. arginine provoked a sig- 
nificant amount of gastrin release in addition to insulin 
and glucagon release. With the use of a convenient dose 
of arginine, the correlative endocrine function of the 
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stomach and the pancreas can be simultaneously eval- 
uated. In this respect, arginine load is thought to be a 
a unique and excellent method for the assessment of 
the gastroenteropancreatic hormonal environment. 

In fact, no previous works have followed the changes 
of gastrin release for a prolonged time after jejunum 
and ileum resections. Our results showed that the fast- 
ing gastrin level and its response to infused arginine 
were indeed higher three weeks after both jejunum 
and ileum resections; but after three months, these 
elevated levels and the high response of gastrin to argi- 
nine persisted onlv after jejunum resection, and the 
levels of gastrin after ileum resection returned to their 
preoperative values. By one year, gastrin levels had 
fallen in almost all animals and were not significantly 
different from the preoperative values. With regard to 
the cause of gastric hypersecretion after intestinal re- 


section, Moossa and his colleagues? reported that there : 


was no correlation between the fasting level of gastrin 
and gastric acid in response to histamine stimulation 
by six months. The similar information was confirmed 
by Ruderman and his coworkers,?! who noted that 
jejunal mucosal homogenate caused the increased gas- 


- tric secretion after intestinal resection to return to con- 


trol levels, but ileal mucosal homogenate did not have 
any effect on gastric hypersecretion. 

These facts suggest that serum gastrin does not al- 
ways play a main role in the hyperacidity on the later 
stage after massive intestinal resection. Further in- 
vestigations concerning intestinal factors such as gas- 
tric inhibitory polypeptide, vasoactive intestinal poly- 
peptide or enterobombesin are required to elucidate the 
pathogenesis responsible for hyperacidity in short 
bowel syndrome. 
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Renal Allograft Fracture: 


Clinicopathological Study of 21 Cases 


WILLIAM P. HOMAN, M.D., JHOONG S. CHEIGH, M.D., SUNG J. KIM, M.D., JANET MOURADIAN, M.D., LUIS TAPIA, M.D., 
ROBERT R. RIGGIO, M.D., KURT H. STENZEL, M.D., ALBERT L. RUBIN, M.D., WILLIAM T. STUBENBORD, M.D. 


Experience with renal allograft fracture occurring in 21 of 246 
transplants performed over a 29-month period is reviewed. 
Clinical manifestations included pain and tenderness at the 
graft site, fever, and falling hematocrit. The fracture occurred 
without exception in the course of an acute rejection episode. 
Diagnosis was made from two days to seven weeks following 
transplantation; in 13 patients (62%) diagnosis was made within 
two weeks of surgery. Severe damage to the kidney necessitated 
nephrectomy in all but two transplants. Of those not removed at 
initial exploration only one regained function to permit a 
dialysis-free existance for several months. Histologic examina- 
tion of the fractured kidneys revealed the pathogenesis to be 
. acute rejection in 13 (62%), accelerated acute rejection in four 
(19%), and a combination of these processes in four (19%). 
Conclusions from this study are that fractures of renal 
allografts: (1) are more frequent than commonly realized; (2) 
are primarily due to the swelling of acute rejection; (3) are often 
characterized by sudden onset of pain in the region of the graft 
accompanied by fever and falling hematocrit; (4) should be 
treated by prompt surgical intervention to control hemorrhage, 
to perform nephrectomy if indicated, and to evacuate the 
hematoma in order to reduce the possibility of secondary 


infection. 
e 


F THE NUMEROUS COMPLICATIONS to which 
O recipients of kidney transplants are subject, few 
have received as little attention as that of fractured 
kidney allograft. In all there have been fewer than 60 
cases reported in the literature.“ The sometimes 
dramatic and life-threatening nature of this complica- 
tion may demand immediate diagnosis and aggressive 
treatment. This study was undertaken to review and to 
emphasize the salient clinical and pathological features 
of this clinical entity in a series of kidney transplant 
patients having this complication at The New York 
Hospital- Cornell Medical Center (NYH-CMC). 
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From the Rogosin Kidney Center, The New York Hospital — 
Cornell Medical Center, New York, New York 


Materials and Methods 


Between October 1973 and February 1976, 246 renal 
transplants were performed in 225 patients. Of these 
transplants 30 were from living related donors, and the 
remainder were from cadaver donors. Kidneys re- 
moved from recipients were studied in a prospective 
and ongoing manner to identify cases of fractured allo- 
graft. In all, 21 patients with this complication were 
Observed, and form the basis of this report. Four kid- 
neys were from living related donors and 17 from cadav- 
ers. No patient had this complication more than once. 
There were 12 males and nine females. Ages of patients 
ranged from ten to 57 years with a mean of 34 years. 


Clinical Manifestations 


In each of the 21 patients, fracture of the kidney 
allograft occurred in the clinical setting of an acute 
rejection episode. In 19 of the patients (90%), kidney 
function was so poor that treatment by hemodialysis 
had been instituted. While the remaining two patients 
had not yet been returned to hemodialysis, a falling 
creatinine clearance and rising serum creatinine were 
sufficient to confirm a clinically suspected rejection 
episode. l i 

Remaining clinical features are summarized in Table 
1. While pain and tenderness at the graft site may 
merely be manifestations of acute rejection, sudden 
onset of pain and tenderness in the setting of allograft 
rejection were characteristic of kidney fracture in our 
series, and should arouse suspicion of this complica- 
tion. Similarly, swelling of the allograft from rejection 
may be difficult to distinguish from hematoma originat- 
ing from the fracture which, if present, should also 
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strongly suggest the presence of allograft fracture. In 
this regard, a falling hematocrit over a period of hours 
was demonstrable in 13 patients (62%) reflecting bleed- 
ing from the fracture site. The greatest fall in hematocrit 
was 16 percentage points in one patient, while the mean 
for all 21 patients was four percentage points. Shock 
occurred in only one patient from uncontrolled bleeding 
originating from the kidney. 

Fracture of the renal allograft occurred from two 
days to seven weeks following transplantation. In 13 
patients (62%) diagnosis was made within two weeks 
after surgery (Fig. 1). 


Operative Findings and Surgical Management 


A diagnosis of fractured kidney was confirmed in 
each patient by surgical exploration of the graft. At sur- 
gery 18 patients (86%) were found to have a perinephric 
hematoma which measured up to several liters in vol- 
ume. In each of these cases the kidney was swollen to 
several times its original size and appeared grossly re- 
jected. In four patients (19%) an infected perinephric 
hematoma characterized by the obvious presence of 
pus was found. 

In all but two patients transplant nephrectomy was 
performed because the kidney was judged to be irre- 
versibly damaged, based upon the patient’s clinical 
course, and examination of the kidney both grossly and 
by frozen section. One patient died on the first post- 
operative day as a result of disseminated cytomegalo- 
virus infection. Of the two grafts allowed to remain 
in situ following control of hemorrhage, one functioned 
for eight months before succumbing to chronic rejec- 
tion; the other was removed a week later because of 
severe acute rejection. 


Pathologic Findings 


The fracture, on gross examination, occurred most 
commonly near the convex border of the kidney, and 
ranged from shallow fissures extending just beneath the 
capsule to deep hemifractures of the kidney. Figure 2 


TABLE 1. Clinical Manifestations of Renal Allograft Fracture 





Clinical Manifestation No. of Patients (%) 





Nonfunctioning graft 


on hemodialysis 19 (90) 
Tenderness at graft site 15 (71) 
Pain at graft site 14 (67) 
Fever 14 (67) 
Falling hematocrit 13 (62) 
Hematoma and/or swelling 

at graft site 10 (48) 
Acute abdomen 2 (10) 


Gross hematuria 
Shock 


1 (5) 
1 (5) 
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Fic. 1. Bar graph illustrat- 
ing the time interval between 
transplantation and fracture of 
the allograft. 


No oF PATIENTS 





shows typical examples of the appearance of these kid- 
neys. Table 2 shows the relative numbers of the types 
of kidney fracture encountered. 

Histologic examination of the transplanted kidneys 
revealed the underlying process to be acute (cell-medi- 
ated) rejection in 13 (62%), accelerated acute (humoral- 
mediated) rejection in four (19%), and a combination 
of these processes in four (19%). These findings are 
consistent with those of Matas et al.,'° who concluded 
that mechanisms other than circulating preformed anti- 
bodies (hyperacute rejection) are the causative factors 
in allograft fracture. 


Discussion 


Reports of ruptured or fractured renal allografts have 
appeared sporadically since Murray et al. reported an 
incidence of 3.6% in 1968. Lord, Belzer and Kountz,^ 
and Lord and coworkers? regarded this as an unusual 
complication of renal transplantation, and identified 
only one case in 157 allografts, and one case in 280 allo- 
grafts respectively. The more common experience, 
however, has been that allograft rupture occurs more 
frequently. Ghose et al.* have reported' the highest inci- 
dence to date-that of 8.5%. We relate our own rela- 
tively high incidence of 8.5% to two factors. First, be- 
cause this study was prospective in nature we feel that 
more cases of fractured kidney were identified than 
would have been had the study been a retrospective 
one. Second, for the sake of completeness, we have 
included kidneys that had only shallow fractures, while 
other series have apparently included only deep frac- 
tures in their figures. If the ten fractures which we 
regarded as shallow are removed from consideration, 
the incidence of renal fracture falls to 4.5%. This is con- 
sistent with figures previously reported by Murray et al. 
(3.676),? Haimov et al. (3.396)? Flanigan et al. 
(4.396),? Siedek (4.896), Koostra et al. (5.1%),® and 
Mindale et al. (6%).'! In our series the rate of fracture 
in living related donor kidneys was not significantly dif- 


Fic. 2. Photographs of several fractured kidneys illustrating some of 
the gross characteristics. 


ferent from that which occurred in cadaver donor 
kidneys. 

The diagnosis of renal allograft fracture rests upon an 
awareness of the condition, and upon a high index of 
suspicion. Hemorrhagic shock is the most immediate 
threat to the life of the patient, although it occurs only 
in a minority of cases. While there are no distinguishing 
characteristics of the condition, sudden onset of pain 
and swelling at the graft site, with hypotension or falling 
hematocrit in the presence of allograft rejection should 
strongly suggest the diagnosis. 

Under circumstances in which allograft fracture is 
suspected, surgical exploration of the kidney is indi- 
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cated both to control hemorrhage and to evacuate the 
hematoma, thereby reducing the possibility of second- 
ary infection. Additionally, in most instances, explora- 
tion should be accompanied by transplant nephrectomy 
because irreversible damage to the kidney is a frequent 
finding. In only one of our cases (5%) did the graft 
regain function to permit the patient a dialysis-free 
existence for several months. In this patient, good 
general health, bleeding that was readily controlled at 
surgery, and a minimally swollen kidney were deciding 
factors in the decision not to perform nephrectomy. 
Lord et al.? indicated that ruptured kidneys left in situ 
may rerupture so that an awareness of this fact is es- 
sential when following a patient who has sustained one 
episode of kidney fracture. 

Etiologic factors in renal allograft rupture have re- 
portedly included ischemia, biopsy, capsulotomy and 
ureteral obstruction.? In none of our patients could the 
fracture be attributed to any of these factors. Neither 
could we correlate the occurrence of kidney fracture 
with the degree of histocompatibility, with the presence 
or absence of pre-existing immunity, nor with pro- 
longed extracorporeal maintenance of the organ to be 
transplanted. We believe rejection and the attendant 
swelling to have been the sole causes of renal allograft 
fracture in our patients. Heparinization during dialysis 
may have contributed to the accompanying hemor- 
rhage. As in previous reports, fracture of the allograft 
occurred most commonly near the convex border of the 
kidney.? 

Conclusions from this study are that fractures of 
renal allografts: 1) are more frequent than commonly 
realized; 2) are primarily due to the swelling of acute 
rejection, while heparinization during hemodialysis 
may contribute to hemorrhage; 3) do not have char- 
acteristic diagnostic features, although sudden onset of 
pain in the region of the graft occurring in the setting of 
acute rejection, especially when falling hematocrit or 
hypovolemia ensue, should arouse strong suspicion; 4) 
should be treated by prompt surgical intervention to 
control hemorrhage, to perform nephrectomy should 
this be indicated, and to evacuate the hematoma and 
thereby reduce the possibility of secondary infection. 


TABLE 2. Classification of Kidney Allograft Fracture 
by Gross Characteristics 





Gross Characteristic No. of Patients (%) 





Capsular tear 4 (19) 
Shallow linear fracture 6 (29) 
Deep linear fracture 7 (34) 
Stellate fracture 4 (19) 
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Minimal Breast Cancer: 


A Clinical Appraisal 


THOMAS G. PETERS, M.D.,* WILLIAM L. DONEGAN, M.D., EDWARD A. BURG, M.D. 


Eighty-five patients with a diagnosis of minimal breast cancer 
were evaluated. The predominant lesion was intraductal car- 
cinoma, and axillary metastases occurred in association with 
minimal breast cancer in seven of 96 cases. One death occurred 
due to minimal breast cancer. Bilateral mammary carcinoma 
was evident in 24% and bilateral minimal breast cancer in 13% 
of the patients. The component lesions of minimal breast cancer 
have varied biologic activity, but prognosis is good with a vari- 
ety of operations. The multifocal nature of minimal breast can- 
cer and the potential for metastases should be recognized. Ther- 
apy should include removal of the entire mammary paren- 
chyma and low axillary nodes. The high incidence of bilateral 
malignancy supports elective contralateral biopsy at the time 
of therapy for minimal breast cancer. 


INIMAL BREAST CANCER has been defined by 
Gallager and Martin as lobular carcinoma in situ, 
noninvasive intraductal carcinoma, and invasive 
carcinoma, either lobular or ductal, forming a mass no 
greater than 0.5 cm in diameter.? The definition includes 
in situ carcinoma of any size with microinvasion no 
greater than 0.5 cm. Conceptually, these lesions repre- 
sent early phases in the evolution of breast cancer. 
Minimal breast cancer is nearly always microscopic. 
Detection is often fortuitous during biopsy of sup- 
posedly benign lesions, elective contralateral breast 
biopsy, or investigation of nipple abnormalities or dis- 
charge.'*^? [n recent years, mass screening with mam- 
mography and physical examination has identified in- 
creasing numbers of women with minimal breast can- 
cer, 1011.13.15 
The authors are unaware of a review stressing the 
clinical aspects of minimal breast cancer as it was 
originally defined. Wanebo, et al., addressed the 
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problem of minimal breast cancer in an expansive 
review of many tumor types including tubular 
carcinomas and cystosarcoma phylloides.'7 Others 
have limited their studies to in situ lobular or ductal 
carcinomas pointing out the frequent bilaterality and 
preinvasive nature of these lesions.!?:*7!5 Small inva- 
sive ductal or lobular carcinomas have been shown to 
be associated with significantly higher survival rates 
than larger invasive cancers.* Overall, minimal" can- 
cers share the common attribute of potentially high 
curability. 

The paucity of information available about minimal 
breast cancer prompted this study. We sought to ex- 
plore the clinical implications of the concept and to 
define better those methods of therapy offering opti- 
mum chance for cure with the least morbidity. 


Materials and Methods 


Tumor registry records were reviewed of all patients 
with breast cancer seen between January, 1955, and 
December 1975, at Milwaukee County General Hos- 
pital and Columbia Hospital of Milwaukee, Wisconsin. 
Of 2,010 patients, 216 were listed as having intraductal 
carcinoma, lobular carcinoma in situ, duct carcinoma 
with microinvasion, lobular carcinoma with microinva- 
sion, or early breast cancer. Cases in which the size or 
extent of local tumor invasion could not be determined 
from tumor registry files were subjected to a complete 
medical record review. It was evident that 114 of these 
patients did not have minimal breast cancer. In the 
remaining 102, the histopathology was reviewed by one 
of us (E.B.) not aware of the previous diagnosis or 
therapy. On this basis, an additional 17 patients were 
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Fic. 1. Intraductal carcinoma. A cribiform or cartwheel pattern of 
cellular growth with central tumor necrosis is present. Atypism and 
lumenal bridging are additional features of the duct cells in intraductal 
carcinoma. 


excluded leaving a total of 85 patients with 96 cancers 
fitting the definition of minimal breast cancer. They 
comprised 4.8% of the 2,010 cases reviewed. 

In order to restrict the bias of retrospective analysis, 
a method of case selection was devised. Patients were 
included for study based upon all information available 
to the clinician prior to the initiation of definitive treat- 
ment. For example, if at the time of treatment a diag- 
nosis of intraductal carcinoma had been established by 
biopsy, the patient was included for study regardless 
of subsequent findings or the eventualities of follow-up. 
A standard method of therapy was not required. This 
approach provided an assessment of the problem of 
minimal breast cancer as the clinician encounters its 
component lesions. 

The features of intraductal carcinoma and lobular 
carcinoma in situ are characteristic. Figures 1, 2, and 3 
depict typical patterns of these lesions and of microin- 
vasive cancer. When encountered, invasive foci were 
measured on a microscopic grid to be certain that the 
extent of invasion was no greater than 0.5 cm. 

The 12 black and 73 caucasian women in the study 
group averaged 56 years of age, ranging from 28 to 89 
years at the time of the initial diagnosis. In seven pa- 
tients, information regarding menstrual status was not 
available. Of the remaining 78, 27 (35%) were premeno- 
pausal and 51 (6596) were postmenopausal. Information 
about parity was unavailable in eight patients. Of the 
remaining 77, 22 (2896) had never been pregnant, 12 
(15%) were primiparous and 43 (56%) were multip- 
arous. 

Of 65 patients who were questioned about prior 





Fic. 2. An example of in situ lobular carcinoma. The terminal ducts 
are distended by tumor cells that are uniform in size and staining 
properties; the duct central lumen is obliterated and a monotonous 
pattern is characteristic of the tumor cell proliferation. 


breast disease, 27, or 32% reported a history of benign 
or malignant breast disease. Seven of the 85 (8%) had a 
previous radical mastectomy for invasive cancer at in- 
tervals from one month to 15 years (average 5.7 years) 
earlier. The average age of these seven patients at diag- 
nosis of the first cancer was 53 years, and none had 
evidence of recurrence when they presented with mini- 
mal breast cancer. Twenty patients had a history of 
benign breast disease diagnosed at an average age of 43 
years. Of 65 patients in which information regarding 
family history was available 14, or 22%, had relatives 
with breast cancer. Four patients had two or more rela- 
tives with breast cancer. 
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Fic. 3. Lobular carcinoma with an area of microinvasion that meas- 
ured 1 mm in diameter. 
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TABLE 1. Presentation of 96 Minimal Breast Cancers 





Elective biopsy 
Axillary mass 


Breast mass 63 
Mammogram 11 
Nipple discharge 8 
Nipple pathology (Paget's) 7i 
Mastodynia 4 

M 

1 





Minimal breast cancer became evident through a 
variety of initial findings, the most common of which 
was a mammary mass (Table 1). Sixty-three patients 
(74%) presented with a breast mass detected by the 
patient in 37 instances and by a physician in 26. An 
additional 11 patients were found to have a breast mass 
despite another initial presenting sign. In 11 instances 
a suspicious mammogram was the sole finding. In 
seven, excoriation of the areolar skin prompted biopsy 
which disclosed Paget’s disease. Other modes of pre- 
sentation included nipple discharge, breast tenderness. 
and axillary node enlargement. Minimal breast cancer 
was found on elective biopsy carried out in the absence 
of signs or symptoms in two instances. Most lesions were 
of the upper outer quadrant (Fig. 4). Ten tumors were 
associated with ipsilateral palpable axillary lymph 
nodes, and in two of these the axillary nodes contained 
metastasis. 


Results 


The diagnosis and pathologic features of minimal 
breast cancer are most clearly presented in terms of the 
individual breasts involved. Minimal breast cancer in- 
volved 96 breasts among the 85 patients; eight patients 





Fic. 4. Location of minimal breast cancer, 96 cases. 
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Second MBC 
First M8C EJ 


Number Diagnosed 





1965 
Year of Diagnosis 


Fic. 5. Diagnosis of minimal breast cancers at two Milwaukee 
hospitals. 


had bilateral synchronous and three patients had bilat- 
eral metachronous lesions. Sixty per cent of all cases 
were diagnosed within the last five years, a period of 
active screening at the two institutions (Fig. 5). During 
the last two years of study, 11% of all breast cancers 
diagnosed met the criteria for minimal breast cancer 
compared to 4.8% of all cases over the entire 21 year 
period. 

Mammograms were obtained of 57 breasts, and an in- 
terpretation of suspicious or positive was rendered 41 
times. The 16 negative mammograms represented a 
false negative rate of 28%. 

Intraductal carcinoma was the most frequent histo- 
logic type of minimal cancer, occurring in 71 of the 96 
cases. Lobular carcinoma in situ occurred in five in- 
stances. /n situ lesions, therefore, accounted for 79% 
of the cases. Duct carcinoma with microinvasion oc- 
curred 19 times and lobular carcinoma with microin- 
vasion once. After excisional biopsy, residual cancer 
was detected in mastectomy specimens in 50 (66%) of 
the cases diagnosed as in situ cancer and in nine (45%) 
of those diagnosed as microinvasive cancer. 


Axillary Metastases 


Information regarding the histopathology of axillary 
nodes was available in 73 cases. Seven patients had 
metastatic axillary cancer at initial treatment or at a 
later date (Table 2). Axillary lymph nodes were clin- 
ically enlarged in only two of the cases, one of which 
presented with axillary metastases two years after sim- 
ple mastectomy for in situ carcinoma. 
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TABLE 2. Axillary Metastases in Association with MBC 




















Axillary Opposite 
Node Breast s Follow-up 
Patient Diagnosis Palpable Therapy Ax N+ Diagnosis Ax N+ Years 
L.B. DCMI No RM 1/3 IDC 0/5 NED 13 yrs 
M.S. LCIS Yes SM 2/23 IDC N.I. NED 3 yrs 
D.E. DCMI No RM 3/9 None Died breast ca 
(MBC) 2.5 years 
PK. DCMI No MRM 1/36 IDC 0.4 NED 2 yrs 
J.R. IDC N.I. MRM 2/2 IDC 0/5 NED 2 yrs 
LL. IDC No SM 1/7 Invasive 0/15 NED 1 yr 
cancer 
A.S. IDC Yes RM 1/15 None NED 1 yr 





DCMI- Duct carcinoma with microinvasion, IDC- Intraductal carcinoma, LCIS—Lobular carcinoma in situ, MRM-Modified radical 
mastectomy, RM Radical mastectomy, SM- Simple mastectomy, NED- No evidence of disease, NI-No information. 


Small invasive tumors spread to the axilla more fre- 
quently than in situ lesions. Among 76 instances of non- 
invasive cancer, axillary nodes were recovered in 58 
and contained cancer in four. The incidence of axillary 
involvement, therefore, was 7% when axillae were dis- 
sected and at least 596 of all in situ lesions studied. Of 
the 20 microinvasive cancers, axillary nodes were re- 
covered in 15, and were positive in three. Axillary in- 
volvement, therefore, was 20% among those cases in 
which lymph nodes were recovered and at least 15% 
overall. 

Two types of microinvasive lesions were identified: 
nine were primarily in situ lesions with focal invasion, 
and 11 were small (5 mm or less in diameter) invasive 
carcinomas. The three instances of axillary metastasis 
were associated with the small invasive tumors. The 
seven cases of axillary spread represent 10% of the 73 
instances in which lymph nodes were taken and at least 
796 of the 96 breasts involved with minimal breast 
cancer. 


Therapy and Recurrence 


Methods of therapy varied widely (Table 3). Thirty- 
six radical and 21 modified radical mastectomies were 
performed. Simple mastectomy was the treatment in 27 
cases and, in six, partial or subcutaneous mastectomy. 
In six instances only a biopsy was performed. Four 
patients were given postoperative radiation therapy, 
one after partial, one after simple, and two after modi- 
fied radical mastectomy. In an additional patient, radia- 
tion therapy was administered to a breast with biopsy- 
proven intraductal carcinoma; four months later a radi- 
cal mastectomy was performed and invasive ductal 
carcinoma was found. Fluorouracil was given for four 
days to an additional patient after a radical mastectomy 


for intraductal carcinoma. No other patients received 
adjunctive therapy. 

Local or distant recurrence of cancer was rare irre- 
spective of the type of management. Local recurrence 
occurred in two cases, both in residual breast tissue. 
The first appeared two months after simple mastec- 
tomy; the second occurred four years after a modified 
radical mastectomy and became widespread. Minimal 
breast cancer metastasized to distant sites including 
lung, bone, and viscera. Five cases with primary treat- 
ment failure are summarized. 


Case Reports 


Case 1. G.M. underwent simple mastectomy at age 56 for multi- 
focal intraductal carcinoma. Two months following surgery a mass 
appeared at the suture line. A biopsy disclosed adenocarcinoma in 
residual breast tissue. Therapy consisted of local excision, skin graft, 
and radiation to the chest wall. No further recurrence was evident 
more than eight years later. 

Case 2. At the age of 28, B.T. noted a left breAst mass. Five months 
later, a biopsy disclosed duct carcinoma with microinvasion, and a 
modified radical mastectomy was carried out. Intraductal carcinoma 
was identified in the mastectomy specimen, and none of the 16 axil- 
lary nodes contained tumor. Four years later, biopsy of a left chest 


TABLE 3. Therapy for Minimal Breast Cancer—All Cases 


Partial or Biopsy 

Therapy: RM MRM SM  Subcu. M only Total 
Cases 36 21 27 6 6 96 
Average years 

follow-up T3 2.4 2:9 0.7 8.8 4.7 
Recurrence of 

MBC 2 1 2 0 0 5 
Death due to 

MBC 1 0 0 0 0 1 
Death from 

other cause 5 1 2 0 1 9 
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wall mass disclosed duct carcinoma in residual breast tissue. Visceral 
and bone metastases soon became evident and the patient is currently 
undergoing multi-drug chemotherapy. 

Case 3. D.E., a 48-year-old woman, noted a nipple lesion in Decem- 
ber 1958, and in March, 1959, a biopsy was interpreted as dermatitis. 
After six months without resc'ution of the process, a second biopsy 
disclosed Paget’s disease. One month later, a radical mastectomy 
was performed. An infiltrating duct carcinoma of 5 mm was present 
in the breast, and three of nine axillary lymph nodes contained can- 
cer. Two years after the operation pulmonary metastases were found, 
and the patient died a respiratory death in November 1962. This 
patient represents the only mortality to date from minimal breast can- 
cer in this series. 

Case 4. B.B. noted a right breast mass at age 78. Biopsy of the mass 
disclosed intraductal carcinoma, and subsequently a radical mastec- 
tomy was performed. None of 19 axillary lymph nodes contained 
cancer. Seven years following operation, x-rays of the spine showed 
vertebral body collapse at T12, but no other evidence of metastatic 
tumor. The patient died of a stroke shortly thereafter and an autopsy 
was not done. 

Case 5. M.S. presented with bilateral mastodynia at age 44 and one 
year later biopsy of a right breast mass disclosed lobular carcinoma 
in situ. Elective contralateral biopsy disclosed intraductal carcinoma, 
and bilateral simple mastectomy was performed. Both breasts har- 
bored intraductal carcinoma. Two years later palpable right axillary 
nodes were noted, and biopsy disclosed ductal carcinoma. A right 
axillary node dissection produced 23 lymph nodes, of which two con- 
tained cancer. The patient remains free of further recurrence one year 
following axillary dissection. 


Comment 


Overall, 3% of patients with minimal breast cancer as 
their only mammary cancer developed metastatic dis- 
ease beyond the axilla. Two additional patients who 
developed metastases had been treated for minimal 
breast cancer in the remaining breast after previous 
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mastectomies for infiltrating breast cancers; the prior 
cancers were presumed the source of the metastases. 


Survival 


Survival was determined for 78 patients with minimal 
breast cancer. Those with a prior infiltrating breast 
malignancy were excluded from this computation. 
Actuarial analysis disclosed five, ten, and 15 year 
survivals of 85, 80, and 74% respectively. Deaths oc- 
curring within the study are summarized in Table 4. 
Two deaths occurred due to breast cancer: one second- 
ary to disseminated disease from a prior infiltrating 
cancer and one from dissemination of minimal breast 
cancer. 


Bilaterality 


Of the 85 patients, 20 (24%) had bilateral breast 
cancer. Eleven (13%) had bilateral minimal breast can- 
cer, eight of which were synchronous (Table 5). 
Twenty-two operations were performed for bilateral 
minimal cancer. Information about axillary node his- 
tology was available for 19 breasts (86%), and lymph 
nodes contained cancer in five instances. The incidence 
of axillary metastasis was, therefore, at least 22% of 
patients when both breasts were involved with minimal 
breast cancer. 


Discussion 


The patients in this series are typical of the popula- 
tion at highest risk for breast cancer insofar as age, 
menstrual status, marital, and pregnancy history are 


TABLE 4. Deaths of Patients with MBC 








Interval from Evidence of 





: Age at Cause of Disease Free Therapy to Breast Cancer 
Patient Diagnosis Diagnosis Therapy Death Interval, Yrs Death, Yrs at Death 
CK. IDC 66 RM Colon cancer 11 11 None 
B.B. IDC 78 RM CVA 7 7 T-12 collapse, 
possible cancer 
M.D. DCMI 50 RM GI bleed 3 3 None 
C.R. IDC 89 Biopsy GI bleed 3 3 None 
only 
E.S. DCMI 71 SM CVA 3 3 None 
D.L.* IDC 62 SM Prior breast 1 2 and 6/12 Carcinomatosis 
cancer 
D.E.t DCMI 48 RM MBC 6/12 2 and 2/12 Pulmonary 
3/9 LN + RadR, metastases 
M.S DCMI 82 MRM Carcinoma 2 2 None 
endometrium 
E.J. IDC 77 RM MI 1 1 None 





* Patient had prior opposite breast cancer with 4/14 nodes positive. 
* One year delay in therapy for Paget's disease and IDC. 
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concerned. Distinguishing features of the patient with 
minimal breast cancer relate to overall recurrence, ex- 
cellent survival potential, and bilateral breast involve- 
ment. 

The component lesions of minimal breast cancer 
have long been recognized as relatively nonaggressive. 
LobuJar carcinoma in situ is known as a highly curable 
lesion associated with long survival.? Similarly, intra- 
ductal carcinoma metastasizes infrequently and has a 
good prognosis with less than radical therapy.'?'* 
Small invasive cancers of any type are generally asso- 
ciated with less regional spread and better survival than 
larger cancers. However, the invasive component of 
small lesions and the multifocal nature of in situ lobular 
and ductal cancer must be considered should low recur- 
rence rates and improved survival be the goals in treat- 
ing minimal breast cancer. 

The incidence of axillary node metastasis associated 
with minimal breast cancer is low, but not inconse- 
quential. In this series the seven axillae containing tu- 
mor included four in which the only associated breast 
lesion was in situ cancer. Others have reported axillary 
lymph node involvement accompanying in situ breast 
cancer. "81718 One explanation for this phenomenon 
is sampling: i.e. tissue sections may miss small invasive 
foci associated with in situ lesions. Another explana- 
tion is that light microscopy is limited in demonstrating 
invasive foci which can be shown using ultrastructural 
technique.'* 

There is an apparent difference between the two 
types of small invasive lesions with respect to the pre- 
dilection for axillary spread. Of the 20 microinvasive 
cancers, nine were predominantly in situ cancer with 
focal invasion. Eleven were small (less than 0.5 cm in 
diameter) entirely invasive carcinomas. Three (27%) of 
the latter were associated with axillary metastasis ver- 
sus none of the former. The surgeon needs to appreciate 
that within the limits of present routine diagnostic capa- 
bilities both in situ and microinvasive cancers can 
metastasize to regional nodes. 

Mastectomy is the accepted operative treatment for 
minimal breast cancer. Recommendations concerning 
the extent of surgery for the component lesions of mini- 
mal breast cancer have varied from biopsy only to 
modified radical mastectomy.?*°:'7'" Because of the 
multifocal nature of in situ cancer and risk of axillary 
spread, excision of the entire mammary parenchyma 
as well as sufficient axillary tissue to provide reliable 
information about axillary metastasis would seem a 
product approach to minimal breast cancer. Long-term 
tumor-free survival will be best achieved in this 
fashion. 

The high incidence of bilateral breast malignancy, 
2496 among the minimal breast cancer patients, is im- 
pressive. Lobular carcinoma in situ and intraductal car- 
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TABLE 5. Bilateral Minimal Breast Cancer 
Age at Axillary Follow-up 
Patient Diagnosis Diagnosis Therapy Nodes (Years) 
L.B. L 49 IDC RM 0/5 21 NED 
R 56 DCMI RM 1/3 14 
MI. L 62 IDC RM NI 9 NED 
R 62 IDC RM 0/18 9 
JR. R 43 IDC RM 0/5 4 NED 
L 45 IDC MRM 2/2 2 
M.S. R 45 LCIS SM 2/23 3 NED 
L 45 IDC SM 0/0 
G.D. R 50 IDC Partial M 0/0 2 NED 
L 50 IDC SM 0/15 
P.K. R 49 DCMI MRM 1/36 2 NED 
L 49 IDC SM 0/4 
L.M. L 68 IDC RM 0/20 2 NED 
R 70 IDC SM 0/3 7/12 
K.D. R 47 LCIS SM 0/6 1 NED 
L 47 LCIS MRM 0/5 
V.S. R 45 IDC SM 0/20 1 NED 
L 45 IDC Subcu. M 0/7 
HZ. R 55 IDC SM 0/1 1 NED 
L 55 IDC MRM 0/19 
LE- R 46 IDC SM 1/7 9/12 NED 
L 46 DCMI SM 0/15 7/12 





cinoma are known for this predilection, the former le- 
sion associated with contralateral mammary cancer in 
up to 64% of patients.'? Wheeler, et al., found no instance 
of bilateral lobular carcinoma in situ in seven simul- 
taneous contralateral breast biopsies; however, other 
histologic forms of breast cancer did develop in the 
opposite breast in three of 32 patients at risk.'? In our 
series lobular carcinoma in situ was associated with bi- 
lateral malignancy in four of five instances (80%). Intra- 
ductal carcinoma is associated with bilateral cancer in 
as high as 29% of reported cases and was associated 
with bilateral cancer in 18 (25%) of our 71 patients with 
IDC.'?!5 Microinvasive cancers, which we found as- 
sociated with bilateral cancer in only three of 20 pa- 
tients, would appear to have no unusual propensity for 
bilaterality. Of the 34 patients in our study having bi- 
opsy of the opposite breast following the diagnosis of 
minimal breast cancer, 12 (35%) were found to have 
contralateral breast cancer. Liberal use of opposite 
breast biopsy may disclose more curable cancers in a 
substantial number of these patients.'® 

There is controversy regarding the concept of mini- 
mal breast cancer. The idea that the several pathologic 
entities can be considered a single disease implies simi- 
larities. However, differences between the entities of 
minimal breast cancer are evident from the numerous 
studies of each available in the literature. Most basic 
among these are the unique histologic characteristics of 
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lobular carcinoma in situ, intraductal carcinoma, and 
invasive ductal and lobular cancer.'2 The natural his- 
tory of each lesion-would appear to differ from the 
others with lobular carcinoma in situ being the least and 
small invasive cancers the most aggressive; this would 
apply both to regional and distant spread, and to mor- 
tality risk. This review substantiates varied biologic 
behavior among the component lesions particularly the 
greater propensity to axillary metastasis of microinva- 
sive cancer, and the high incidence of bilaterality of 
in situ lesions. 


Conclusions 


Minimal breast cancer is a concept incorporating 
several lesions of varying biologic activity. The fre- 
quently multifocal origin and low but manifest potential 
for metastasis to regional nodes must be appreciated in 
planning treatment. The occurrence of axillary metas- 
tasis from small invasive cancers (27% in this series) is 
not negligible. The prognosis for cure is good, and al- 
though the ideal operation for minimal breast cancer is 
indeterminate at present, thorough removal of mam- 
mary parenchyma and low axillary content seems pru- 
dent as patients with multifocal cancer and axillary 
metastasis cannot be identified prior to mastectomy. 
Bilateral malignancy occurs in one-quarter of the pa- 
tients with minimal breast cancer. Effort is justified for 
early diagnosis of contralateral cancers using mammog- 
raphy and elective biopsy at the time that the first can- 
cer is treated. 
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^. It has long been recognized that anxiety, tension, agitation, and apprehension are all capable 
of increasing pain perception...” 


Halpern, L. M.: Anxiety and pain in postoperative patients. Hospital Practice (special report) January 1977, pp 31 
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Hypothermic Lung Preservation Functions, 


Six or More Years Later 


ANTONIO A. GARZON, M.D., STANLEY GOLDSTEIN, M.D., CHUKUMA I. OKADIGWE, M.D., 
NORMAN B. PALEY, B.S., STANLEY MINKOWITZ, M.D. 


The functions of each lung were measured 41 and 79 months 
following hypothermic twenty-four four lung preservation and 
autotransplantation in six and four dogs respectively. Func- 
tional results were compared with long-term autotransplanted 
canine lungs. Compliance, total lung capacity, functional re- 
serve capacity and ventilation of preserved lungs were similar 
to autotransplanted lungs, and only slightly decreased as com- 
pared with normal animals. There was no statistically signifi- 
cant difference between the pulmonary diffusion capacity and 
oxygen uptake of the preserved and autotransplanted lungs 
group and autotransplants alone. However, in both groups, dif- 
fusion capacity and oxygen uptake were decreased as compared 
with intact animals. Pulmonary hypertension was found on oc- 
clusion of the contralateral lung's artery: it was due to in- 
creased pulmonary vascular resistance. No gross narrowing of 
the pulmonary artery or venous anastomosis was found that 
could explain the increased resistance. Diffuse emphysema of 
various degrees was observed in all animals. This study seems 
to indicate that hypothermic preservation of the lung does not 
affect significantly the long-term functional ability of the organ, 
and probably will have practical value in future clinical lung 
transplantation. 


PPROXIMATELY SIX YEARS AGO we published 

the early respiratory functions of autografted 
'canine lungs that were preserved for 24 hours 
under 4^ hypothermia and two atmospheres oxygen 
pressure.? Six surviving dogs were kept in our animal 
"facilities for several years and tested periodically to de- 
termine the long-term effect of the preservation on the 
functional capacity of the lung. During this interval we 
adapted several of the pulmonary function techniques 
commonly used in cooperative human subjects to the 
condition found in anesthesized dogs and were able to 
measure, besides each lung's ventilation and oxygen 
uptake as described in an early communication, dif- 
ferential pulmonary mechanics and diffusion capacity 
for carbon monoxide.? About the same period we had 
in our laboratory a group of dogs with left lung autograft 
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but without preservation. Pulmonary functions were 
measured in these animals with the same methods and 
their results have been used as control in this report. 


Method 


The techniques used for the preservation and auto- 
transplantation were fully described previously.* Some 
of the important points are briefly mentioned herein. 
The left lung was excised from healthy dogs anesthe- 
sized with sodium thiopental. The left pulmonary ar- 
tery, atrium and bronchial stump were sutured with 
continuous 5-0 silk and the chest was closed with an 
underwater drainage. The removed lung was irrigated 
with a cold solution of either low molecular weight 
dextran, 6% hydroxethyl starch or heparinized 
Ringer's lactate until the perfusate was grossly clear of 
blood. Then it was placed in a sterile steel chamber at 
4° and two atmospheres of absolute oxygen pressure. 
After 24 hours of preservation the lung was reimplanted 
back into the donor animal. 

Pulmonary functions were performed approximately 
41 and 79 months after preservation using a body respi- 
rator with the dog anesthesized (15 mg/Kg. thiopental) 
paralyzed (0.5 mg/Kg. curare) and resting in supine 
position. Under these conditions, each lung compliance 
(C), total lung capacity (TLC), functional reserve capac- 
ity (FRC), minute ventilation (Vm), oxygen uptake 
(VO,) and diffusion capacity for CO (D, CO) were meas- 
ured. The complete methods and techniques used in 
this investigation are identical to those used to study 
the long-term function of lung autografts. A detailed 
account, including precautions taken to avoid errors 
in the bronchospirometry, has been published else- 
where.* Two animals were lost in the period between 
testings, one died 45 months following preservation 
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Fic. 1. Photograph of a left lung hypothermically preserved for 24 
hours, sacrificed more than seven years following the procedure. 
The left upper lobe shows areas of adhesions and fibrosis but 
otherwise the appearance is quite normal. (Dog PR-8) 


(PR-10) apparently of natural causes. The animal car- 
cass was mistakenly destroyed before a postmortem 
examination could be performed. The other dog (PR— 
6) died of natural causes and a complete autopsy was 
carried out. 

A few weeks after the last pulmonary function test- 
ing, the surviving dogs were anesthesized with thio- 
pental solution (15 mg/Kg.), positioned on their left 
sides, intubated and mechanically ventilated with a 
Harvard respirator. A 47 N.I.H. catheter was placed in 
the thoracic aorta through a femoral artery cutdown 
for measurement of pressure and blood sampling. 
Under sterile conditions a right-side thoracotomy was 
performed through the fourth intercostal space. The 
right pulmonary artery was isolated from surrounding 
structures and encircled by an umbilical tape. The ani- 
mal was heparinized (200 u/kg). A superficial seg- 
mental branch of the right upper lobe pulmonary artery 
was isolated and used to introduce a #5 N.I.H. catheter 
into the main pulmonary artery, beyond the umbilical 
tape. Another #5 N.I.H. catheter was placed into the 
left atrium using a small peripheral pulmonary vein 
branch. Also a #6 N.I.H. catheter was placed into the 
right atrium through a purse-string suture on the atrial 
appendage. Arterial pH and blood gases were measured 
during the whole experiment and corrected where 
found abnormal. Pressures were measured simultane- 
ously at both atria, main pulmonary artery and aorta. 
Cardiac output was determined by dve dilution. The 
right pulmonary artery was occluded by tightening the 
umbilical tape and 15 minutes were allowed for hemo- 
dynamic stabilization. Cardiac output and pressures 
were measured again with all the blood flow going 
through the preserved lung. Total pulmonary vascular 
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resistance (TPVR) and total systemic vascular resist- 
ance (TSVR) were calculated with the pressures and 
flow data. The effect of right pulmonary occlusion on 
lung hemodynamics was measured in the same way in 
six normal dogs. The mean results of these determina- 
tions were used as control value. Following the meas- 
urements of pulmonary hemodynamics the animals 
were sacrificed with an overdose of sodium thiopental. 
Gross and microscopic examinations were performed 
with special emphasis on the preserved organ (Fig. 1). 


Pulmonary Functions 


The mean minute ventilation (Vm) of six preserved 
lungs breathing spontaneously was 1.09 + 0.43 L/ 
min, 41 months after the procedure. This value repre- 
sents 39% of both lungs ventilation. Thirty-eight 
months later the four surviving dogs had a ventilation 
of 1.07 + —0.52 L/min, a contribution of 34% to the 
sum of both lungs ventilation. Animals with lung auto- 
graft alone had a mean left lung ventilation of 1.22 
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Fic. 2. The minute ventilation (Vm) of each lung at 41 and 79 months 
following the preservation and autotransplantation of left lung. Each 
individual value is represented by a dot. Mean values and one stand- 
ard deviation are shown by horizontal lines. Shaded area indicates 
one standard deviation from the mean value of six autotransplanted 
dogs. At the bottom of the figure is shown the mean percentage 
of the contribution of left and right lungs to the bilateral func- 
tions. Similar symbols are used in Figures 3-7. 
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Fic. 3. Total lung capacity (TLC) of the right normal lung, left 
preserved lung and bilateral. 


+ 0.56 L/min, 48 months following the transplantation, 
which is approximately 41% of the total ventilation 
(Fig. 2). 

The total lung capacity (TLC) of the left preserved 
lung was 0.85 + 0.30 L or 38% of the total at 41 
months, and 0.75 + 0.24 L at 79 months postpreserva- 
tion (34% of total TLC). The total lung capacity on the 
group of animals with autografted left lung was 0.74 
+ 0.14 L (34% of total TLC) (Fig. 3). The mean func- 
tional reserve capacity (FRC) of the six preserved lungs 
at 41 months was 0.46 + 0.21 L. At 78 months, the four 
remaining animals had a left lung FRC of 0.31 + 0.11 L. 
These values correspond to 38% and 34% of both lungs 
FRC. Dogs with autotransplantation but without pres- 
ervation had an FRC of 0.34 + 0.10 L (3396 of total 
at 48 months postoperatively) (Fig. 4). The relationship 
between functional reserve capacity and total lung ca- 
pacity was not different between the right intact lung 
and left preserved lung at each testing. However, the’ 
ratio between total lung capacity and functional reserve 
capacity was not constant at the two testings: it was 
higher at 41 months (.52) than at 79 months (.42). The 
autografted lungs had an FRC/TLC of .46, well within 
the value found in the preserved lungs. 

The mean compliance of the preserved lungs at 41 
months was 0.033 + 0.011 L/emH,O. 38 months later, 
in the remaining four dogs, the mean compliance was 
0.029 + 0.012 L/cmH,O (Fig. 5). Since compliance 
depends upon the size of the animal’s lung absolute 
values cannot be compared. The contributions of the 
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Fic. 4. Each lung and bilateral functional reserve capacity (FRC) 
at 41 and 79 months after preservation. 


left lung to the bilateral compliance is more meaningful. 
The preserved lung compliance was about one-third 
(35%) of the bilateral lung compliance. The compliance 
of preserved lungs remained unchanged during the two 
testing periods and its contribution to the bilateral com- 
pliance was about the same as in autografted lungs 
(34%). 
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Fic. 5. Individual and bilateral lung compliance in normal and pre- 
served lungs. 


714 
4| MONTHS 79 MONTHS 
POST PRESERVATION POST PRESERVATION 
RT ‘LT RT LT 
LUNG LUNG LUNG LUNG 
e. e. 
100 = a 
Yj 
z 7 
^ Z 
: 4 4. 
E 050 - 
- £ A 
A 
7 4 
000 74% 26% 74% 26% 


Fig. 6. Minute oxygen uptake (Vm) of each lung following 


preservation. 


The preserved lung oxygen uptake (VO,) at 41 
months was 0.031 + 0.007 L/min and at 79 months 
0.034 + 0.016 L/min, which represents approxi- 
mately one-fourth (26%) of the animal oxygen uptake. 
The oxygen uptake is smaller than normal but it is in the 
same range as in dogs with only autotransplanted lungs 
(28%) (Fig. 6). 

The pulmonary diffusion capacity for CO (D,CO) 
of the preserved lung was 7.8 + 2.4 ml/min mmHg at 
4] months and 5.9 + 1.8 ml/min./mmHg at 79 months. 
These values represent 34% and 27% of the total dif- 
fusion capacity (Fig. 7). This decrease ón the mean 
D,CO probably was due to the death of dogs PR—6 and 
PR-10, between.the two determinations. The contribu- 
tion of the preserved lung to the total D, CO in these 
dogs was larger than average. In our control group, the 
autotransplanted lung contributed with 31% of the total 
D,CO.* 


Pulmonary Hemodynamics 


Table 1 shows the data collected in three dogs ap- 
proximately seven years after the left lung preservation 
and autotransplantation. We also have included mean 
values of pulmonary hemodynamics in six intact dogs, 
measured under the same conditions and techniques. 

'The pressures in both atria, pulmonary artery and 
aorta in dogs with preserved lungs were close to con- 
trol values when the blood flow was going through both 





* Table with each animal's values available upon request from the 
authors. 
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lungs. However, the cardiac output in the animals with 
preservation (105 + 34 ml/min/kg) was much lower 
than in the intact control dogs (202 + 86 ml/min/kg): 
the mean total pulmonary vascular resistance (TPVR) 
of both lungs (12.14 + 6.7 mmHg/ml/sec/kg) in dogs 
with a preserved lung was more than double than in 
intact animals (5.23 + 2.25 mmHg/ml/sec/kg). Only 
one dog (PR—3) had a TPVR within the range value 
found in intact animals. — . 

When the right pulmonary artery was occluded and 
all the cardiac output directed through the left pre- 
served lung, cardiac arrhythmia, especially premature 
ventricular contraction, frequently occurred. To obtain 
a steady hemodynamic state, antiarrhythmic drugs, 
namely, lidocaine, were necessary to suppress ventric- 
ular activity. Under those circumstances, the mean 
pulmonary pressure was increased to 50 + 4 mmHg, 
almost double the preocclusion value, and the aortic 
pressure declined to a mean value of 109 + 18 mmHg. 
The cardiac output was moderately reduced (85 ml/ 
min/kg). The pulmonary pressure rise was due to the 
very large pulmonary vascular resistance of the pre- 
served lung (30.4 + 6.3 mmHg/ml/sec/kg) more 
than three times the value measured in intact animals 
with similar conditions and identical techniques. 


Anatomical Findings 


We have anatomic information in four dogs with lung 
preservation. The carcasses of two animals were mis- 
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Fic. 7. Pulmonary diffusion capacity for carbon monoxide (D; CO) 
of the normal and preserved lungs and bilateral measurement 41 
and 79 months after the procedure. 
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TABLE 1. Hypothermic Lung Preservation Hemodynamics 
Mean Pressures TPVR TSVR 
mm Hg/ml/ mm Hg/ml/ 
Dog No. Lung HR/min. RA PA. LA AO ml./min. kg. sec./kg. sec./kg. 
PR-3 Rand L 128 19 28 12 155 143 6.7 56.7 
L 125 33 53 10 130 67 37.8 86.9 
PR-9 Rand L 100 4 26 10 140 95 10.1 86.1 
L 120 13 45 8 95 67 32.3 73.9 
PR-11 R and L 136 3 25 1 140 78 19.6 150.4 
L 115 4 53 5 103 120 23.5 49,3 
X+S.D R and L 121 + 19 8+9 26 x1 7.2461 145 «8 105 + 34 12.1 + 6.7 82.7 + 24.5 
L 120 + 5 16 + 15 50+ 4 8222.5 109+ 18 85 + 31 30.4 + 6.3 68.9 + 15.8 
Control (6) 
X + S.D. RandL 3342.2 2482461 386-46 145217 202 + 86 5.4.4 2.4 32.2 + 31.7 
L 3.8 + 2.0 8.8+ 5.1 140 + 13 183 + 61 8.4 + 2.6 48.8 + 16.7 


33.2 + 9.6 





HR = Heart Rate/min., RA = Right Atrium, PA = Main Pulmonary Artery, LA = Left Atrium, AO = Aorta, Q = Cardiac Output, 
TPVR = Total Pulmonary Vascular Resistance, TSVR = Total Systemic Vascular Resistance. 


takenly destroyed before any post-mortem examina- 
tion could be performed. A summary of data is shown 
in Table 2. All the preserved lungs showed multiple 
flimsy adhesions between parietal and visceral pleurae, 
mainly at the site of the thoracotomy incision. Also, 
there were some areas of visceral pleural fibrosis 


around the adhesions, however, the gross appearance 
of the lungs was quite normal (Fig. 1). These types of 
gross pleural changes were also found in autografted 
lungs and seem to be related to the trauma of the sur- 
gical procedure. Vascular and bronchial anastomoses 
were patent in all animals. The diameter of the anas- 


TABLE 2. Hypothermic Lung Preservation -Pathological Findings 





Anastomosis 
Dog Lung Pulmonary Artery Left Atrium Bronchus Other Organs 

PR-8 Right lung—minimal emphy- 8mm (12 mm); normal Two vein anastomosis Grossly normal. Normal 

sema and focal atelectasis. gross appearance; Sup. pulm. vein 13 mm (12 mm). 
Preserved lung—few pleural microscopically in- 7 mm (10 mm) Well epithelized dis- 
adhesions with pleural fi- tact suture with Inf. pulm. vein array of cartilage 
brosis, mild emphysema- granuloma 8 mm (10 mm) 

tous changes with some al- 
veolar septa breakdown. No 
signs of right heart failure. z 

PR-9 Gross and microscopic Grossly normal. Three veins all open. Grossly normal. Liver sinussoids di- 
changes as seen in PR—8 10 mm (12 mm) Sup. pulm. vein 14 mm (16 mm). lated with passive 
but more severe emphy- suture granuloma 6 mm (7 mm) Fibrosis and disar- congestion around 
sema in both lungs which Mid. pulm. vein ray of cartilage rings central veins as seen 
cannot be distinguished 5 mm (6 mm) in right heart failure 
from each other by micro- Inf. pulm. vein 
scopic examination 10 mm (12 mm) 

PR-11 Gross appearance as PR—8 Normal appearance Two vein opening Open, well epithelized. Kidney-glomerular 
with similar pleural fibrosis, 10 mm anastomosis Sup. pulm. vein 14 mm sclerosis with adhe- 
moderate diffuse centro 7 mm (9-7 mm) (17 mm) suture sions of Bowman's 
lobular emphysema, more Inf. pulm. vein granuloma capsule 
severe in the preserved lung 9 mm (8 mm) 
than in the right lung in 
which it is more peripheral 
(senile emphysema?) 

PR-6 Microscopic—Mild intra- Normal appearance Common veinopening Normal gross appear- 
parynchymal congestion 10 mm anastomosis 15 mm ance. 15 mm 


and pleural fibrosis 








All figures are diameters of the artery, vein and bronchus in the preserved and autografted lung. Figures in parentheses are diameter 
of the same structures in the contralateral lung. - 
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tomosis was slightly smaller than the contralateral 
lung, but there was no significant decrease in size at 
any anastomotic site. 

Different degrees of emphysematous changes in both 
lungs were found in three dogs sacrificed six years or 
longer following the preservation (PR-8, PR—9 and 
PR-11). One animal had died only four years fol- 
lowing preservation (PR—6) did not show emphysema, 
but only mild congestion. Microscopically, the emphy- 
sema appeared as the senile type with lesions more 
marked at the periphery of the organ. Animal PR—8 had 
minimal emphysema (grade FIV) and focal atelectasis 
on the right lung and mild emphysema (grade II/IV) 


with a few alveolar septa breakdown in the preserved. 


lung. This dog's total pulmonary vascular resistance 
(TPVR) of both lungs was within normal values. The 
other two animals (PR-9 and PR-11) had moderate 
bilateral centro lobular emphysema (grade III/IV). 
In one, (PR-11) the emphysema was more severe 
in the preserved lung. In the other animal the 
microscopic changes were similar in both lungs to a de- 
gree that they could not be distinguished from each 
other. The total pulmonary vascular resistance of both 
lungs was elevated in these animals. 


Comments 


A reliable method of lung preservation for several 
hours will help solve the logistic problems of clinical 


lung transplantation. Preservation of some sort will be © 


needed in most instances because almost all donor or- 
gans in lung transplantation will be of cadaveric origin. 
For this reason we became interested in this problem 
and, a few years ago, using hypothermia (4?) and two 
atmospheres oxygen (2 atm.) pressure, we were able to 
demonstrate that canine lungs preserved for 24 hours 
could functicn satisfactorily.? Preservation was tested 
by reimplanting the lung back into the original donor. 
Although this approach was technically more difficult, 
it had the advantage of obviating the changes associated 
with allograft rejection. It also allowed for long fol- 
low-up studies of the effect of preservation on pul- 
monary functions. 

In recent years, several groups had continued to in- 
vestigate methods to improve lung preservation: Veith 
et al., using an Anstadt mechanical ventricular device, 
maintained the circulation of dead donor dogs from six 
to 18 hours. Lungs preserved in this fashion were allo- 
grafted with good early functional results. The same 
group also demonstrated the béneficial effect of ventila- 
tion and periodic lung inflation to extend the length of 
preservation.”® Their results confirmed a previous re- 
port of Stevens and his associates indicating that venti- 
lated lungs tolerate ischemia better than unventilated.® 
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The combination of hypothermia and ventilation has 
not resulted in better nor longer preservation than hy- 
pothermia and hyperbaric oxygenation alone.9 Al- 
though lungs can be preserved for 24 hours with hy- 
pothermia and increased pressure, not all lungs. stored 
that long will function properly following auto or allo- 
grafting. A disturbing and unresolved problem in some 
lungs preserved for 24 hours was capillary permeability 
changes leading often to pulmonary edema in the im- 
mediate postoperative period. 

Extracorporeal perfusion of the lung with cold 
plasma, electrolyte solutions or dextran has not pro- 
vided longer period of preservation.! As a matter of 
fact, gross and microscopic structural changes have 
been more severe with perfusion than with hypother- 
mic preservation alone. 

Pulmonary mechanics, including minute ventilation, 
total lung capacity, functional reserve capacity and 
compliance in preserved lungs were not significantly - 
different from those found in autotransplantation, nor 
was there any indication of deterioration of these tests 
on the surviving animals at 79 months. The preserved 
lung function was kept constant during more than six- 
and-one-half years of observation. The contributions 
of the preserved lungs to bilateral mechanics was 
slightly lower than normal lungs. Because there is con- 
siderable variation in normal dogs, these differences 
were not significant statistically in our small group of 
dogs. Probably, the decrease in pulmonary mechanics 
can be explained by pleural fibrosis and adhesions usu- 
ally found following thoracotomy. 

The contributions to the total oxygen uptake of the 
preserved lung (26%) was similar to autograft animals 
(28%), but smaller than in normal dogs (3796). Since 
total lung capacity was not decreased, most likely the. 
reduction in oxygen uptake was due to a decrease in the 
left lung blood flow. This opinion is corroborated by - 
the high pulmonary vascular resistance found in three 
animals in which it was measured. Also, Yeh et al. 
ventilation—perfusion studies on autotransplanted 
lungs indicated that reduction of pulmonary blood flow 
is a common sequel of autotransplantation.? 

The share of the total diffusion capacity for carbon 
monoxide of the preserved lungs was slightly larger 
(34%) than that of the autograft group (31%) at 41 
months but decreased slightly at 79 months after pres- 
ervation (2726). A normal left lung usually contributes 
with 40% of the total D, CO (2), therefore, this decrease 
seems to be significant. The slight decrease of Dj; CO 
between the 41 and 79 month postpreservation in the 
group was due, as indicated previously, to the loss 
of two dogs with better D,,CO than the rest. 

The preserved lung pulmonary vascular resistance - 
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was considerably increased in all three animals studied. 
But also the pulmonary vascular resistance of both 
lungs was elevated in two dogs. It accounted for the 
pulmonary hypertension measured in these dogs when 


all the cardiac output was diverted through the pre- 


served lung. Pulmonary hypertension was also seen in 
our chronic lung autografts as soon as the right pul- 


. monary artery was occluded. We did not measure car- 


{aw 


diac output in those experiments, therefore, pulmonary 
vascular resistance could not be calculated, but we had 
strong basis to believe that pulmonary vascular resist- 
ance was also increased in autotransplanted lungs. 
There was no significant narrowing of the pulmonary 
artery and atrial anastomosis. However, this does not 
exclude the possibility of pressure gradient built up 
in vivo, particularly with occlusion of the opposite 
pulmonary artery. To rule out this possibility: pres- 
sure gradient measurements would have been neces- 
sary but they were not performed in this study. The 
anatomical lesions found in three of our dogs in which 
we performed hemodynamic studies was emphysema 
with alveolar septal destruction and decrease of the 
capillary bed. There was correlation of the estimated 
degree of emphysema by the pathologist and the hemo- 
dynamic results. However, this relationship is based 


'on only three observations. Therefore, we are unable 


to draw any firm conclusion from it. Apparently, 
dogs suffer emphysema like humans and the senile 
type is not uncommon in older dogs like ours. We 
did not find changes in the arteriolar wall of the pre- 
served or contralateral lung.” 

To avoid the effect of the surgical procedure on 
lung functions, preserved lungs should be compared 
to autotransplants. Also, individual lung values are not 
an accurate guide of the functional capacity of the 


‘ organ since there are many variations in lung size, 


depending on animal weight, height and breed. It is 
better to consider percentage of contribution to bi- 
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lateral function. Still, this percentage is not accurate 
in normal dogs because there is considerable variation 
of the functional capacity of each lung. It is advisable 
that in future investigations preoperative determina- 
tion of each lung function is carried out. Also, pul- 
monary hemodynamics should be measured at the time 
of the preservation and autotransplantation to deter- 
mine changes due to preservation itself and changes 
due to the procedure and aging of the animal. 

We are not aware of any published report on long- 
term pulmonary function changes in 24-hour preserved 
lungs. For this reason we are unable to compare re- 
sults with others. 
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The Disintegration of Surgical Sutures on Exposure to 


Pancreatic Juice 


K. MIZUMA, M.D., P. C. LEE, PH.D., JOHN M. HOWARD, M.D. 


The loop-breaking strength of various suture materials was 
tested over a period of 14 days during which time the sutures 
were incubated in vitro in saline or canine serum, bile, activated 
or nonactivated pancreatic juice. Under the conditions of the 
study, silk and nylon maintained their strength in each environ- 
ment. Polyglycolic acid maintained its strength in saline, bile or 
serum, but gradually lost much of its strength when exposed to 
pancreatic juice. Catgut, both plain and chromic, disintegrated 
almost completely within 24—48 hours respectively when 
exposed to enterokinase activated pancreatic juice. Inhibition 
of trypsin by aprotinin (Trasylol) resulted in preservation of 
catgut strength but inhibition by soybean inhibitor did not. The 
latter findings suggest that proteolytic enzymes, other than 
trypsin, may be responsible for the disintegration. 


ATGUT IS A WIDELY USED suture material in 
C gastrointestinal surgery. Its relative limitations as 
a suture material are well recognized; more marked 
tissue reaction,” predisposition to infection,! and more 
rapid loss of strength.’ Pancreatic fistulae constitute 
major complications after pancreaticoduodenec- 
tomy,'*!° resulting in external loss of fluid and 
autodigestion of the skin. 

Although mukiple factors may be involved in the 
development of postoperative pancreatic fistulae, the 
nature of the suture materials used during operation 
may be one factor in the genesis of this complication. 
The majority of absorbable suture materials consist of 
proteins, theoretically sensitive to proteolytic enzymes 
contained in pancreatic juice. The aim of this study has 
been to evaluate the changes in loop-tensile strength of 
various suture materials when exposed in vitro to 
pancreatic juice in which, in respective experiments, 
the trypsinogen was or was not activated. 





Reprint requests: John M. Howard, M.D., Department of Surgery, 
Medical College of Ohio at Toledo, P.O. Box 6190, Toledo, Ohio 
43614. 

Supported by Grant # AM-17789-02 From the National Institute 
of Arthritis and Metabolic Diseases. 

Submitted for publication: January 8, 1977. 


From the Departments of Surgery and Biochemistry 
of the Medical College of Ohio, Toledo, Ohio 


Materials and Methods 


Pancreatic juice was collected from a dog via a glass 
cannula in the pancreatic duct, inserted through a 
chronically implanted Thomas cannula in the duo- 
denum, and under the constant stimulation of a secretin 
and pancreozymin infusion. The pancreatic juice was 
collected over ice and was stored in a freezer at —20° 
until used. The activation of trypsinogen to trypsin was 
achieved by the addition of enterokinase prepared from 
canine duodenal mucosa by the method of Baratti et al.3 
up to the acidification step. The final preparation was 
neutralized to pH 7.0 and stored in small aliquots at 
—20°. Amylase was measured by the method of Cara- 
way‘ and lipase was measured by the method of Vogel 
and Zieve.?' Trypsin and trypsinogen were measured 
according to the method described by Erlanger et al.® 
using a-N-Benzoyl-DL-Arginine-p-nitroanilide HCl _ 
(BAPNA) as the substrate. 

The suture materials used in this study were braided 
silk, braided nylon, plain catgut, chromic catgut, and 
polyglycolic acid sutures. All sutures were 2-0 in size 
as manufactured by the Davis and Geck Corporation. 
Aprotinin, soybean trypsin inhibitor and BAPNA were 
from Sigma Chemical Company, St. Louis, Missouri. 

The sterile suture materials were incubated in glass 
tubes, each filled with 10 ml of the test solution includ- 
ing activated pancreatic juice, nonactivated pancreatic 
juice, serum, bile, or normal saline respectively. All 
the biological test solutions were canine in origin. The 
above tubes were incubated at 37° with the test fluids 
being replaced every 24 hours. Loop strength of the 
suture materials was measured on a spring scale tensio- 
meter by gradually increasing the tension. The suture : 
loops were fashioned around two opposing pegs of the . 
test apparatus, tying the two ends of the sutures witha ~ 
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Fic. 1. Effect of 0.9% saline on the tensile strength of suture mate- 
rials. Procedures of incubation and measurement were as described 
in methods. Points represent the mean and bars the standard error 
of the mean. 


fourthrow square knot. The tests were conducted using 
wet sutures after rinsing and soaking each in normal 
saline for two minutes. Tensile strength was deter- 
mined daily for seven days, then on the tenth and four- 
teenth days. Each suture material, except silk, was 
tested six times on each of the above days. Silk was 
tested ten times on each day. Reproducibility was 
within the limits of approximately 2%. 

The experiments were divided into six series. In each 
series, unless otherwise stipulated, each type of suture 
material was incubated with the respective solution 
and tested as above. The series were subdivided into 
various test solutions as indicated below. 

Each experiment was performed at least three sepa- 
rate times and in duplicate unless otherwise stated. 
Results represent the average with standard error in- 
cluded wherever appropriate. 


Results 
Series 1 —3 


Ás controls, sutures were tested in 1) 0.9 normal 
saline, 2) canine serum, and 3) canine gallbladder 
bile respectively. The results are depicted in Figures 
1-3. Silk, nylon, polyglycolic acid and plain catgut 
retained their respective strength throughout the two 
week period. Chromic catgut also retained most of its 


. Strength, although it lost approximately one third of its 


strength in each of the test solutions during the early 


. period of exposure. 


Fic. 2. Effect of canine serum on the tensile strength of suture 
materials. Points represent the mean and bars the standard error of 
the mean. 


Series 4 


In nonactivated pancreatic juice, silk and nylon 
maintained their strength, whereas polyglycolic acid 
sutures lost two thirds of their strength by the end 
of two weeks (Fig. 4). Plain and chromic catgut sutures 
lost much of their strength within the first week and 
disintegrated almost completely by the tenth and four- 
teenth days respectively. 
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Fic. 3. Effect of canine bile on the tensile strength of suture materials. 
Points represent the mean and bars the standard error of the mean. 
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Fic. 4. Effect of nonactivated canine pancreatic juice on the tensile 
strength of suture materials. Points represent the mean and bars the 
standard error of the mean. 


Series 5 


. In enterokinase activated pancreatic juice, in which 
the trypsinogen had been activated to trypsin, silk and 
nylon maintained their strength (Fig. 5). Polyglycolic 
acid sutures maintained their strength during the first 
week, losing 3096 of their strength in the second week. 
Plain and chromic catgut lost their strength precip- 
itously with the plain catgut disintegrating within 24 
hours and the chromic catgut within 48 hours. 


_ Nonactivated pancreatic juice was tested for its vari- - 
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Fic. 5. Effect of enterokinase activated canine pancreatic juice on 
the tensile strength of suture materials. Points represent the mean 
and bars the standard error of the mean. 
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TABLE 1. Effect of Incubation on Enzyme Activities of Enterokinase 
Activated Pancreatic Juice in the Presence and 
Absence of Trypsin Inhibitors 





Enzyme activities 
(96 of zero time activity) 








Plus 1 mg/ml 
Puls 1000 Soybean 
f No U/ml Trypsin 
Time. Enzyme Inhibitor ^ Aprotinin Inhibitor 
15 min. Amylase 77 79 83 
Lipase 13 36 38 
Trypsin 44* 9* 0.9* 
30 min. Amylase 72 74 74 
Lipase 10 27 40 
Trypsin 36 7* NDf 
45 min. Amylase 69 68 75 
Lipase 6 17 39 
Trypsin 29* 6* NDf 
60 min. Amylase 50 64 81 
Lipase ND? 16 44 
Trypsin 12 5* NDt 





* Trypsin activities are expressed as the percent of the original 
trypsinogen. 
t Not detectable. 


ous enzyme contents after thawing and during a 24 
hour period of incubation at 37°. Freezing and thawing 
were found to result in the loss of approximately 25% of 
the lipase and amylase content. Incubation at 37° re- 
duced the amylase and lipase activities to 65% after 
three hours and to 40% after 24 hours. Trypsinogen 
levels fell to 50% of initial values after freezing and 
thawing, to 35% after three hours of incubation and to 
30% after 24 hours of incubation at 37°. 

Activation of pancreatic juice by the addition of 
enterokinase resulted initially in the appearance of sig- 
nificant quantities of trypsin. This was followed by a 
rapid disappearance of amylase, lipase, trypsinogen 
and trypsin (Table 1). Presumably the disappearance of 
the enzymes resulted from tryptic and other proteolytic 
digestion. The addition of aprotinin (Trasylol) or soy- 
bean trypsin inhibitor reduced the detectable activities 
of trypsin in the activated pancreatic juice and retarded 
somewhat the disappearance rate of the other enzymes, 
especially that of lipase. The failure to halt completely. 
the inactivation of the other enzymes, even after all 
tryptic activity was inhibited (as in the case of soybean 
trypsin inhibitor), suggested the presence of other ac- 
tive proteolytic enzymes. 

In an effort to define the mechanism of digestion of 
the catgut, the plain and chromic catgut sutures were 
retested as described, daily over a period of four days, 
while exposed to a) enterokinase alone, b) activated 
pancreatic juice plus aprotinin (Trasylol) (1000 U/ml), 
c) activated pancreatic juice plus soybean trypsin in- 


f™ 
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hibitor, d) activated pancreatic juice plus canine serum 
(0.1 ml serum/ml juice). Results are summarized in 
Table 2. Enterokinase alone exerted no deleterious ef- 
fect. Neither serum (presumably containing natural 
trypsin inhibitors) nor soybean trypsin inhibitor pro- 
vided protection to suture degeneration. Aprotinin, 
although it did not inhibit all tryptic activity at the 
concentration used, provided almost complete protec- 
tion throughout the four day period. Since both apro- 
tinin (Trasylol) and the soybean inhibitor inhibited try p- 
sin significantly in the activated pancreatic juice, the 
study suggests that trypsin, per se, may not be the 


major digestive enzyme responsible for the disintegra-- 


tion of catgut. 


Discussion 


: The primary purpose of sutures is to maintain ap- 
proximation between tissues as the wound heals. It is 
essential] that the sutures maintain their strength for 
sufficient duration to permit the healing process to ma- 
ture. The duration of wound healing of various organs 
has been reported previously. Levenson et al. showed 
that skin wounds in rats develop only 80% of their nor- 
mal strength within one year postoperatively. Howes 
et al.'? reported that in dogs, gastric wounds reach 
normal strength at ten to 12 days postoperatively. Fel- 
lows et al.® measured the bursting strength of jejuno- 
jejunostomies and found them to increase in strength 
during the first four days after anastomosis. It is to be 
expected that many sutures will lose their strength at 
various rates in the various media of the body. In the 
current experiment, catgut lost its strength surprisingly 
fast in nonactivated pancreatic juice, extremely rapidly 
in activated juice. This result suggested that catgut 


. cannot maintain its strength when exposed to pancrea- 


tic exudates, especially in a pancreatojejunostomy 
where proteolytic enzymes would be activated. At least 
the intraluminal portion of any suture would be exposed 
to such proteolysis. Beyond 24—48 hours after opera- 
tion, catgut could not, by its tensile strength, be ex- 
pected to unite the pancreatic duct and small intestine. 
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This may be one explanation for leakage of pancreato- 
jejunostomies. Howes” reported that in the lumen of 
the dog’s stomach, number one chromic catgut lost its 
strength within 36 hours after implantation. Jenkins 
et al., showed hydrochloric acid and pepsin resulted 
in digestion of plain and chromic catgut within approx- 
imately 20 hours of exposure. Recently, Everett? 
pointed out that in baboons, 2-0 chromic catgut lost 
most of its strength within 24 hours of implantation in 
the ileum. Postlethwait et al.” reported that in dogs, 
chromic catgut lost its strength more rapidly in the 
upper digestive tract than in other organs, including the 
lower digestive tract. This suggests that proteolytic 
enzymes which are contained in gastric juice, pancrea- 
tic juice and other digestive juices have a major delete- 
rious effect on catgut sutures. 

Several reports indicate that polyglycolic acid su- 
tures are superior to catgut in tensile strength, 94 tissue 
reaction!?:? and clinical application.?!9? In our data, 
polyglycolic acid sutures maintained their strength bet- 
ter than did catgut, but not as well as silk or nylon. 
This suture material is produced by polymerization ofa 
single amino acid (glycolic acid) and is absorbed by 
simple hydrolysis, not proteolysis.? Activated pancrea- 
tic juice exerted only a mildly deleterious effect on 
these sutures. Of interest is that in nonactivated pan- 
creatic juice, this suture deteriorated faster than in acti- 
vated pancreatic juice. This phenomenon probably re- 
sults from the fact that activation of trypsin results in 
the destruction of other pancreatic enzymes which 
might be involved in polyglycolic acid suture digestion. 

As controls, serum itself caused only a slight loss 
of strength of catgut over the period of this study, 
observations paralleling those of Howes et al.!? a half 
century ago. Bile and normal saline produced little 
effect. 

The fact that catgut sutures still disintegrate rapidly, 
even when almost all trypsin activities are inhibited, 
suggests the presence of other proteolytic enzymes in 
the pancreatic juice that may be responsible for the 
digestion. The observation that nonactivated pancre- 
atic juice is capable of digesting the catgut material fur- 


TABLE 2, Effect of Inhibitors on the Degeneration of Catgut and Chromic Catgut Sutures by Enterokinase Activated Pancreatic Juice 





Loop Strength of Suture (grams) 











Enterokinase Plus Aprotinin Plus Soybean Plus Serum 
Control (1000 U/ml) Inhibitor (1 mg/ml) (0.1 ml/ml) 
Time Plain Chromic Plain Chromic Plain Chromic Plain Chromic 
1 day 2516 + 172 3065 x 257 2895 + 110 2877 + 198 0 1173 + 107 0 1892 + 141 
2 days 2724+ 54 3572 + 138 2611 + 128 2121 + 74 0 224+ 66 0 243 + 32 
3 days 2569 + 126 3027 + 135 2403 + 124 2516 + 102 0 0 0 130+ 32 
4 days 2554+ 88 3330 + 210 2441 + 122 2626 + 80 0 0. 0 0 


722 ' MIZUMA, LEE AND HOWARD Ann. Surg. e December 1977 


ther suggests that these enzymes are at least partially 
active in the form in which they are secreted. The pro- 
tection seen by the addition of aprotinin is an interesting 
finding that might have practical application. 
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Division and Repair of the Sphincteric Mechanism 
at the Gastric Outlet in Emergency Operations for Bleeding 


Peptic Ulcer 


A New Technique for use in Combination with Suture Ligation of the Bleeding 


In three of 26 patients who were treated by highly selective 
vagotomy (HSV) plus suture of the bleeding point for massive 
hemorrhage from peptic ulceration, access to the ulcer could 
not be obtained by means of a duodenotomy or gastrotomy 
which spared the pylorus. Instead, a wide gastroduodenotomy 
was performed, the artery in the base of the ulcer underrun and 
HSV performed. The gastroduodenotomy incision was closed 
longitudinally, rather than as a pyloroplasty. In this way, the 
integrity of the antral mill and of the pyloric sphincter was 
restored. The patients were followed up for six months, one 
year and three years respectively, and were found to be in good 
health, without clinical or radiological evidence of gastric 
retention or of recurrent ulceration. Thus the sphincteric 
mechanism at the exit of the stomach can, like the anal 
sphincter, be divided and subsequently repaired with good 
restoration of function. 


— 


T HE INTEGRITY OF THE ANTRUM and pylorus and 
of their motor nerve supply via the nerves of Latar- 


jet is increasingly being respected in the course of elec- 
tive vagotomy operations for peptic ulcer.^!4* This 
**highly selective” or ‘‘parietal cell" type of vagotomy 
(HSV) has been shown to produce fewer unpleasant 
side effects than the standard operations for peptic 
ulcer, which destroy or bypass the antral mill and py- 
lorus.?5416.2021 Highly selective vagotomy may also be 
safer than the standard operations, the operative mor- 
tality in 5,539 elective cases being 0.3%. '* In the emer- 
gency treatment of patients with severe bleeding from 
peptic ulcer, however, HSV has so far found little 
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place. In part this is because HSV is felt to be too tedi- 
‘ous for use in severely ill patients, and in part because 
the wide gastro-duodenotomy incision which is used to 
gain access to a bleeding duodenal or antral gastric ul- 
cer is normally closed as a pyloroplasty, after which 
there seems little point in doing anything more elabo- 
rate than a truncal vagotomy. 

We have described previously” ten patients with 
severe bleeding from peptic ulcer who were treated by 
suture-ligation of the bleeding point followed by HSV. 
Access to the ulcer was obtained by means of an appro- 
priately placed duodenotomy or gastrotomy incision 
which did not transgress the pylorus. These incisions 
were closed as they were made, longitudinally, and 
the integrity of the terminal antrum and pylorus was 
thereby preserved. Some deeply penetrating ulcers 
near the pylorus are too inaccessible, however, to be 
treated in this way. Encouraged by the results of York 
Mason,???! who has divided and subsequently repaired 
the anal sphincters in more than 160 patients with excel- 
lent functional results, we decided to attempt the same 
maneuver at the pylorus. In this paper, we describe 
three patients who presented with severe bleeding from 
inaccessible ulcers and who were treated successfully 
by wide incision of the distal antrum, pylorus and duo- 
denal bulb, underrunning of the bleeding point, and 
anatomical repair of the antrum, pylorus and duo- 
denum. Gastric emptying after this operation was found 
to be satisfactory. 
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Method 
Choice of Vagotomy 


Underrunning of the bleeding artery in the base of the 
ulcer followed by some form of vagotomy has been our 
preferred method of treatment for bleeding duodenal or 
gastric ulcer for the past ten years. Since 1970, highly 
selective vagotomy without a drainage procedure 
(HSV) has been preferred to truncal vagotomy with 
pyloroplasty (TV + P), but we have not hesitated to 
use the quicker method of TV + P when circumstances 
dictated that the operation should be completed with all 
possible speed: that is, in elderly patients (over 70 
years), in patients who were hypotensive because of 
rapid or prolonged hemorrhage and in those with car- 
dio-respiratory or other medical problems. Several fac- 
tors suggestive of high operative risk are often present 
in the same patient. For example, a fat man of 75 witha 
history of ischemic heart disease and ‘‘shocked’’ would 
certainly be treated by TV + P, but a slim 60-year-old 
patient who was otherwise ''fit," with a strong pulse 
and normal blood pressure, would be treated by HSV. 
. In practice, decision making was not always so clear- 
cut, and several slim, ‘‘fit’’ patients in their 70's were in 
fact treated by HSV. Approximately 3596 of all patients 
who presented with severe hemorrhage were treated by 
TV + P, and 65% by HSV. 


Operative Technique of Highly Selective Vagotomy 


We have described the operative technique previ- 
ously in detail./:1?35 We do not ‘‘map’’ the extent ofthe 
antrum with a pH probe as Amdrup does;,! but rely in- 
stead upon the anatomical landmarks provided by the 
terminations of the nerves of Latarjet. About 5—7 cm of 
the stomach proximal to the pylorus are left innervated, 
while the remainder of the stomach is denervated. To 
accomplish a complete vagotomy of the parietal cell 
mass; it is essential that five or 6 cm of distal esoph- 
agus be mobilised and carefully cleared of all nerve 
fibers.191112:15 When the pylorus and distal antrum have 
been divided and repaired, it is particularly important to 
preserve the entire parasympathetic nerve supply to the 
antrum in order than the antral ‘‘mill’’ can grind its 
contents efficiently and propel them through the intact 
pylorus. Hence, in case of doubt as to whether a ter- 
minal branch of the nerves of Latarjet near the incisura 
angularis should be spared or cut, we advise that it 
should be spared. Evidence for this view is provided 
by Amdrup's finding? that eight or 9 cm, on average, of 
distal stomach can be left innervated when the alkaline 
antrum is **mapped"' at the time of operation. 
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Patients Treated by Highly Selective Vagotomy 


Twenty-six patients with severe hemorrhage from 
peptic ulceration were treated by HSV plus suture of 
the bleeding point, from 1970 through 1976. All of them 
were judged to have lost at least four pints of blood, 
and the amount of blood transfused to each patient 
averaged eight units. None of the 26 patients died, and 
none required reoperation for recurrent hemorrhage. In 
23 patients, a duodenotomy or gastrotomy, which left 
the pylorus intact, gave adequate access to the ulcer, 
but in three patients the pylorus had to be divided. 
These patients will now be described in detail. The main 
features are summarised in Table 1. 


Case Reports 


Division and Repair of the Distal Antrum, Pylorus and 


Duodenal Bulb 


Case 1. (Mrs. E. H.). An obese 61-year-old woman was admitted 
as an emergency with massive hematemesis and melena. She was 
Shocked, with a systolic blood pressure of 50 mmHg. Her general 
health had been good but she had had a troublesome duodenal ulcer 
for 17 years. Her condition improved rapidly after blood transfusion, 
and she was taken to the operating theater within a few hours of 
admission. À huge ulcer mass was found in the proximal duodenum, 
and on duodenotomy a large ulcer was seen penetrating deeply 
through the posterior wall. Access to the bleeding vessel was inade- 
quate because of the patient's obesity and the depth of the ulcer, so 
the incision was extended across the pyloric ring and along the greater 
curvature aspect of the antrum (Fig. 1). The bleeding point was then 
deeply underrun and ligated with an O Mersilene suture mounted on a 
strong atraumatic needle. The duodenal mucosa was then sutured 
over the ulcer, to protect its base from the corrosive action of the 
luminal contents (Fig. 2). The gastroduodenotomy incision was then 
closed with continuous catgut and interrupted silk sutures (Fig. 3). 
An HSV was then performed. Since the closure of the scarred, in- 
flamed duodenum seemed somewhat insecure, a drain was placed 
down to the suture line. Six units of blood were given before and dur- 
ing operation. One week later, the insulin test was completely nega- 
tive and the peak acid response to pentagastrin was 16 mMol per 
hour. Nine days after operation duodenal content began to leak 
from the drain site in the right flank but the patient remained well 
and there was no sign of peritonitis. Radiological studies confirmed 
the presence of a duodenal fistula, but the scanty discharge dried up 
within two days. The patient also developed a wound infection, and 
finally left hospital in good health 19 days after operation. At no time 
did she show signs of gastric retention, and indeed she was able to 
eat heartily from the sixth postoperative day. A barium meal per- 
formed several months later revealed no sign of gastric retention or of 
recurrent ulceration, although the duodenal cap remained distorted. | 
Three years later she had a perfect clinical result (Visick grade I) and 
she had regained her preoperative weight. 


Comment 


This lady was in a high-risk category because of mas- 
sive hemorrhage and obesity. She was otherwise 
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TABLE 1. Summary of the Clinical Features and Results in Three Patients 
Factors permitting Clinical Resuk* 
the Use of a Slower : —————— 
D Length No. of Procedure (HSV) Length 
l Age of Ulcer Pints Site Rather than Truncal Postoperative of 
and Weight History of Blood of Preoperative Vagotomy and Postoperative Gastric Emptying Follow- Visick 
Case Sex (Kg) (yr)  Transfused Ulcer Risk Factors Drainage Complications and Nutrition up (mth) Grade 
!IE.H. 61F 63 17 6 BU Rapid, mas- No history of Duodenal fis- Eats well and has 36 1 
sivehemor- heart disease. tula(minor). regained preoper- 
rhage. Hy- Good response to Wound in- ative weight 
potension. blood transfusion. fection (obese). No vom- 
Obesity Patient's condi- iting. Barium meal 


tion good after- 
control of bleed- 
" ing point E 


shows no stasis 
and no sign of re- 
current ulceration 


?L.M. 78 F 40 ca 10 12 DU Age 78. Mas- A “good” 78-year- Mental con- Eats well. No vom- 12 3. 
` sivehemor- old, mentally alert fusion. iting (occasional 
rhage. Dia- and with no his- Deep ve- dysphagia + re- 
betes. Poor tory of heart dis-  nousthrom-  gurgitation due to 
state of nu- ease. Blood loss bosis peptic oesophagi- 
trition gradual. No hy- tis.) Weight has 
j potension. Good increased by 7 Kg. 
ix condition on op- Barium meal 
erating table. HSV shows no gastric 
rapid and easy be- stasis or recurrent 
cause of thin build ulceration 
-3A.H. 66M 47 0 12 GU Age 65. Mas- No history of heart Broncho- Eats well. No vom- 6 l 
(+DU) sivehemor- disease. No pneumonia. iting. Weight in- 
rhage. Poor ‘‘shock.’’ Good Reopera- creasing. Barium 
state of nu- condition on op- tion due to meal shows no 
trition. erating table. HSV leak from gastric stasis or 
Bronchitic easy to perform gastrotomy recurrent ulcera- 
because of pa- tion. Endoscopy 
tient’s physique confirms ulcers 
healed 
Mean 68 yr 50 Kg 10 pints 


* None of the patients had any side effects attributable to the operative procedure: none had "dumping", diarrhoea or bilious vomiting. 
Intermittent mild symptoms of dysphagia and regurgitation in patient No. 2 were attributable to a hiatus hernia and gastroesophageal 


reflux of long standing (see text). 


.- healthy, however, had no history of ischemic heart 


disease and responded well to resuscitative measures. 
Hence it seemed justifiable to employ HSV rather than 
atruncal V + P, which would have reduced operating 
time by about 30 minutes. 


Case 2. (Mrs. L. M.). A thin (40 kg), 78-year-old woman with mild 
diabetes had experienced epigastric pain, nausea and flatulence for 
many years, and was known to have a duodenal ulcer. She was 
admitted as an emergency, with unremitting epigastric pain radiating 
to her back for several months, vomiting, weight loss, black motions 
and feelings of faintness. She had also experienced intermittent heartburn 
and dysphagia. On examination she was thin and pale, but mentally 
alert. She was tender in the right hypochondrium. Hb was 6.4 g per 
100 ml, and she was transfused with six units of packed cells. Five 
days after admission she again began to pass melena stools and Hb 


fell to 6.6 g per 100 ml. Her general condition remained good, how- ` 


ever. She was given a further six units of blood and taken to surgery, 
when she was found to have a large inflammatory mass in the duo- 


denal bulb. There was a huge ulcer in the posterior wall of the duo- 
denum, which was exposed by means of a long incision through the 
pylorus and duodenal cap. In its base were two eroded arteries which 
contained clot. These vessels were underrun with several Mersilene 
sutures, but it proved impossible to suture mucosa over the base of 
the ulcer. The incision in the pylorus and duodenum was closed as 
shown in Figure 3. An HSV was then quickly performed and the ab- 
domen closed without drainage. 

After operation she made good progress. She was soon eating well 
and by 10 days she was fit for discharge from hospital. There was 
never any sign of gastric retention. She has now been followed-up for 
one year and is delighted with the result of the operation. She has 
gained seven kilograms in weight and is completely free of ulcer 
pain. She can eat normal-sized meals, but food still occasionally 
sticks near the xiphoid and she then sometimes has to vomit it back. 

A barium meal 11 months after operation showed strong gastric 
antral contractions and normal emptying of barium through a wide 
pyloric canal. There was no sign of peptic ulceration. A fixed hiatus 
hernia was present, with an annular stricture at the esophago-gastric 
junction and esophageal reflux was seen. 
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, Tic. 1. A duodenotomy has been performed to give access to the ulcer 


7... (dotted circle) on the posterior wall of the duodenum. When access 


to the ulcer is inadequate, the incision is continued across the pylorus 
onto the antrum. The line of dissection for the highly selective vagot- 
omy is also shown. Note anterior vagal trunk giving off hepatic and 
gastric branches and continuing along the lesser curve as the anterior 
nerve of Latarjet. 


Comment 


The use of HSV rather than of truncal vagotomy in 
this frail old lady added only about 20 minutes to the 
operating time. because she was so thin. Despite the 
firm preoperative diagnosis of duodenal ulceration, we 
were wrong to omit a preoperative endoscopy, which 
might have alerted us to the need to perform an antire- 
flux maneuver in addition to HSV. Although in good 
health, she has been placed in Visick grade III (the 
“fair” or ‘‘moderate’’ category), on account of inter- 
mittent dysphagia, nausea and flatulence. These symp- 
toms are mild, however, and esophageal dilatation is 
not considered to be necessary. 


Case 3. (Mr. A. H.). A 65-year-old man had collapsed at home, 
after vomiting blood for four days and passing melena stools. There 
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was no history of peptic ulceration. On examination, he was con- 
fused, thin, anemic and bronchitic. Pulse was 80 per minute, regular, 
and blood pressure 140/85. Hb was 8.1 g per 100 ml. The central 
venous pressure was 0 cm of water. At endoscopy, the stomach con- 
tained a lot of blood, and the pylorus and duodenal bulb were de- 
formed and inflamed, but no ulcer crater was seen. Six units of blood 
were transfused, and Hb rose to 12.2 g per 100 ml. Further episodes 
of hematemesis occurred, CVP fell to —3 cm H,0, and the patient was 
operated on less than 24 hours after his admission to hospital. A total 
of 12 pints of blood was transfused before and during operation. 

At operation, a large duodenal ulcer was found, and exposed by 
means of a gastroduodenctomy incision. A small gastric ulcer on the 
lesser curvature above the incisura was exposed by means of a sepa- 
rate gastrotomy placed on the greater curvature. A bleeding vessel 
in the base of the gastric ulcer was sutured, biopsies were taken and 
the ulcer crater obliterated with interrupted catgut sutures. Because 
the gastric ulcer had clearly been the source of hemmorrhage, the 
duodenal ulcer was not underrun. The gastroduodenotomy incision 
was closed longitudinally as shown in Figure 3. HSV was performed 
easily because of the patient’s thin physique. 

The patient had a stormy convalescence, but eventually made a 
good recovery. The biopsies from the gastric ulcer showed no sign of 
malignancy. A barium meal four weeks after operation showed that 
gastric emptying was satisfactory, with no evidence of pyloric steno- 
sis. The duodenal cap was still deformed, and the crater of a gastric 
ulcer was visible at the site of the original gastric ulcer. 

The patient’s clinical progress was excellent at the three- and six- 
month follow-ups. He was free from pain, eating well and did not 
vomit: a Visick grade I result. A barium meal examination six months 
after operation showed no sign of ulceration. The gastric antrum was 
seen to contract and gastric emptying took place at a normal rate 
through a deformed and rigid duodenal bulb, within which no active 
ulcer crater was seen. Esophago-gastro-duodenoscopy one month 
later confirmed that the ulcers had healed. 


Comment 


The gastric ulcer which had been the source of hem- 
orrhage was missed both at the preoperative endoscopy 
and at the initial assessment at operation. The gastrot- 
omy incision should be placed near the greater curva- 
ture and not in the middle of the anterior wall of the 
stomach, lest a strip of stomach along the lesser curva- 
ture be rendered ischemic after HSV. Gastrotomies in 
the antrum should also be made near the greater curva- 
ture, to avoid damage to the branches of the nerves of 
Latarjet, which enter on the lesser curve aspect. 


Discussion 


The sphincteric mechanism at the exit of the stomach 
has two components, the terminal antrum? and the 
pyloric ‘‘sphincter.’’® The terminal antral contraction? , 
retropels solids into the body of the stomach, whence 
they are driven again distally. Thus ‘‘milling’’ and tri- 
turition of solid food are dependent upon the integrity 
of the distal four centimeters of the antrum. The antro- 
pyloroduodenal segment is a functional unity which 
acts under the influence of nerves and hormones, con- 
trolling gastric emptying of solids and modifying the 
rate of gastric emptying of liquids. The pylorus itself - 


_ of the ulcer have each been, 
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Fic. 2. A large artery and 
a smaller vessel in the base 


underrun and ligated twice 
with nonabsorbable su- 
tures. The ulcer crater is 
then obliterated, if possi- 
ble, with interrupted catgut 
sutures, three of which are SIM 
shown, placed but not tied Mos 

(the three black lines across av AN , 
the base of the ulcer are N s: xli S / 
part of these catgut sutures). OMA [is ai 
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may? or may not? be a true sphincter, but there is good 
evidence that it plays a part in the control of gastric 
emptying, and that it has a key role in the preven- 
tion of reflux of duodenal content into the stomach.?:9 
The consequences of resection, destruction (as by py- 
loroplasty) or bypass of the terminal antrum and pylo- 
rus have been amply documented, 7925 and studies in 
patients who have undergone different types of opera- 
tion for peptic ulcer leave no doubt that preservation 
of the antrum and pylorus leads to better-regulated 
gastric emptying*? and to a significant reduction in the 
incidences of early dumping, diarrhea and bilious 
vomiting, compared with the incidences which are 
found after vagotomy with a drainage procedure??9?1 
or vagotomy with antrectomy.!$ 

This study shows for the first time that the antropy- 
loric ‘‘sphincter’’ can be divided surgically and then 
repaired, (in combination with HSV), with good pre- 
servation of function and absence of gastric retention. 
Whether antropyloroduodenal function is exactly 
‘‘normal’’ after this procedure will be decided by the 
results of more sophisticated radioisotopic studies of 
gastric emptying of solid and liquid food, but even 
these studies will suffer from the inevitable disadvan- 
tage that preoperative "baseline" measurements can- 
not be made in patients suffering from severe hemor- 
rhage. 

Three elderly, high-risk patients with massive 


_~ hemorrhage from peptic ulceration were treated by 
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division and subsequent repair of the antropyloroduo- 
denal segment, combined with suture ligation of the 
bleeding point and highly selective vagotomy (HSV). 
All three survived the operation, did not rebleed, and 
are now in good health, six months to three years after 
operation. Each patient can eat full sized meals, does 
not vomit and has gained several kilograms in weight 
since operation. Barium meal examination in each pa- 
tient several months after operation showed that the 
gastric antrum contracted well and that there was no 
delay in gastric emptying. None of the patients has 
clinical orradiological evidence of recurrent ulceration. 
None experiences side effects attributable to the opera- 
tion, though one patient experiences mild symptoms 
which are attributable to a pre-existing hiatus hernia. 
Thus the main objectives were attained: survival of the 
patient, healing of the ulcer, and avoidance both of 
side effects and of gastric retention. 

Division and repair of the antrum and pylorus is 
probably indicated in only a few patients with acute 


- gastro-intestinal hemorrhage in whom the peptic ulcer 


cannot be dealt with through a simple gastrotomy or 
duodenotomy, and in whom the surgeon intends to 
complete the operation by.means of a highly selective 
vagotomy. If the surgeon intends to perform a 
complete gastric vagotomy (TV or SV), he is thereby 
committed to the performance of a drainage procedure 
(usually a pyloroplasty) and anatomical repair of the 
antropyloroduodenal segment would be illogical. - 
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About two-thirds of our patients with massive hemor- 
rhage from peptic ulcer are currently treated by HSV, 
and one-third by truncal vagotomy and pyloroplasty. 
Truncal vagotomy is preferred to HSV in patients who 
are in a particularly high-risk category because of such 
factors as advanced age, severe shock and associated 
cardio-respiratory disease. Even when HSV is used, 
anatomical repair of the antrum and pylorus is not al- 
ways appropriate. For example, we recently had a pa- 
tient who was bleeding copiously from an ulcer in the 
pyloric canal, and who also had clinical signs of ad- 
vanced pyloric stenosis. The gastroduodenotomy 
which was performed to expose the ulcer had to be 
closed as a Finhey pyloroplasty, because restoration 
of the ‘‘normal’’ anatomy would merely have recreated 
the pyloric stenosis. 

It has been shown previously that the anal sphincters 
can be divided and repaired with good restoration of 
function.? While the antropyloroduodenal segment 
cannot be claimed to rival the anal sphincter in physio- 
logical importance, it undoubtedly fulfills an important 
role, both in regulating gastric emptying and in keeping 
‘malevolent gall’’ out of the stomach.!9:2228 This paper 
shows that the sphincteric mechanism at the gastric 
outlet can be preserved even in patients who present 
with massive hemorrhage from large, inaccessible pep- 
tic ulcers near the pylorus, because the antropyloro- 
duodenal segment can be opened widely, the bleeding 
vessel sutured, and the antrum, pylorus and duodenum 
repaired, with good restoration of function. 
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Fic. 3. The antro-pyloro- 
duodenotomy is closed, 
first by means of a contin-_ 
uous suture of 00 catgut 
(the oblique sutures in pic- 
ture on right and dotted cir- 
cles in the cross-section on 
the left). Note particularly 
the edge-to-edge apposition 
of the cut surfaces, which 
is achieved by picking up 
only the edge of the mucosa 
or by using an extra- 
mucosa] technique (see 
cross-section on left). This 
continuous suture is then 
reinforced by interrupted 
seromuscular sutures of 
fine thread or silk, which 
do not invert the first layer. 
If the closure seems inse- 
cure, omentum may be 
tacked onto the suture line 
and/or a drain placed down’ 
to it. 


Addendum 


Since this paper was written, the sphincteric mechanism at the 
gastric outlet has been divided and repaired in two further patients, 
with results similar to those described above. 
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Carcinoma of the Pancreas and Periampullary Region: 


A 41 Year Experience 


T. COUTSOFTIDES, M.D., J. MACDONALD, R.N., H. R. SHIBATA, M.D. 


A retrospective review of 329 cases of adenocarcinoma of the 
pancreas and 31 adenocarcinomas of the ampulla and common 
bile duct seen between the years 1929 and 1973 was carried out. 
The most common complaints for carcinoma of the pancreas 


were pain, weight loss, and jaundice in that order of frequency; ' 


while jaundice was the most common complaint with peri- 
ampullary lesions. The most common procedure carried out 
was a gastric and/or biliary bypass. Thirty-five patients under- 
went pancreatoduodenectomy. The survival of this latter group 
was longer and better than those undergoing bypass and in 40% 
of patients with ampullary carcinoma a cure was effected. 
Patients undergoing bypass did not live longer than patients 
undergoing simple exploratory laparotomy. Duration of 
symptoms and location of tumor within the pancreas (excluding 
ampullary tumors) did not appear significantly to alter the 
prognosis. In view of our experience it is felt that pancreato- 
duodenectomy should be undertaken whenever the tumor is 
deemed resectable as this provides the only chance for cure and 
the best palliation. 


N THE TREATMENT OF the patient with carcinoma 
I of the pancreas and periampullary region one of the 
three following surgical procedures can be employed: 
pancreatoducdenectomy, partial pancreatectomy, bili- 
ary and/or duodtnal bypass. Of these only pancreato- 
duodenectomy (and in few selected cases, distal partial 
resection) is a curative and the other procedures are 
used solely for palliation. 

In general, the results with pancreatoduodenectomy 
for carcinoma of the pancreas have been disappointing. 
This procedure can only be performed in a small per- 
centage of patients, has a high mortality rate and the 
five year survival has been uniformly low. Accordingly, 
this procedure has been utilized less often and many 
surgeons currently resort to palliative operations with 
the belief that the end results are not dissimilar. Regard- 
ing carcinoma of the periampullary region the results 
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have been much better and pancreatoduodenectomy in 
this instance is rewarded with a 30—40% five year sur- 
vival. 

These controversies led us to review our own experi- 
ence with these diseases in an attempt to find a solution 
to the dilemma of deciding which procedure is best 
suited to the patient's condition. 


Materials and Methods 


The records of 360 patients with adenocarcinoma of 
the pancreas, distal ampulla and common bile duct 
seen atthe R. V.H. in Montreal, between 1929 and 1973, 
were reviewed. Follow-up data was available for 9996 
of our patients through the Tumor Registry. Prior to 
1950 only 26 cases were recorded but this figure may be 
too low as the Tumor Registry was not established until 
1950 (Table 1). 


Results 
Adenocarcinoma of Pancreas (329 Patients) 


There were 208 males and 131 females in this series. 
Eighty per cent ofthe patients were between the ages of 
50 and 80. The duration of symptoms prior to hospital- 
ization varied from less than a month to over two years. 
Eighty-two per cent of the patients had complaints for 
less than six months and 50% were asymptomatic for 
less than three months. 

The most common complaints (Table 2) were pain 
(62%) weight loss (49%) and jaundice (38%). Of the 329 
patients studied 271 were operated on (an operability 
rate of 82%). In the remaining 58 patients the diagnosis 
was confirmed either by an extra-abdominal biopsy or 
at autopsy. 
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TABLE 1. Number of cases and year of diagnosis 





Number of Cases 
Year of Diagnosis 











Year Ca Pancreas Ampulla CBD 
1929—1949 23 1 2 
1950-1954 62 4 2 
1955-1959 56 2 3 
1960—1964 60 3 3 
1965-1969 66 1 5 
1970-1973 62 3 2 

Total 329 14 15 





The different procedures performed, the operative 
mortality and average survival time are given in Table 
3. An analysis of the type of procedure performed and 
operating room mortality by decade is given in Table 4. 
As can be seen the mortality remained essentially un- 
changed for exploratory laparotomy but has improved 
for bypass procedures and pancreatoduodenectomy. 

The site oforigin of the tumor, as determined at oper- 
ation or autopsy is given in Table 5. As can be seen the 
majority of tumors were located in the head of the 
organ. 

No correlation was noted between survival and dura- 
tion of symptoms (Table 6). There was also no relation- 
ship between the location of the tumor and average 
survival (Table 7). 


Carcinoma of Common Bile Duct (17 Cases) 


The male to female distribution in this group was ap- 
proximately 1:1 and the majority of patients (67%) pre- 
sented with a short history of less than three months. 
The most common presenting complaint was jaundice 
(94%) followed equally by pain and weight loss (40%). 


. Fifteen out of 17 patients underwent an operation with 


operative mortality rates as shown in Table 3. The aver- 
age survival in this group of patients was 8.6 months and 
one five year survivor was present; this patient had un- 
dergone a local resection. Pancreatoduodenectomies 
(Whipple procedure) were done in four instances with 
a 50% operative mortality rate and two survivors; one 
for 39 months and one for six months. 


CARCINOMA OF THE PANCREAS 
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TABLE 2. Symptomatology in Patients with Carcinoma 
of Pancreas, Ampulla and CBD 
Symptoms % Ca Pancreas Ampulla CBD 
Pain 62 43 40 
Weight loss 49 50 40 
Jaundice 38 79 94 
Anorexia, fatigué 25 — -— 
Nausea and vomiting 16.5 7 — 
Constipation 10 — — 
Diabetes mellitus 8 — — 
Miscellaneous 6 — — 
Thrombophlebitis 0.6 — — 





Carcinoma of Ampulla (14 Cases) 


The male to female distribution was 1:1 and the dura- 
tion of symptoms prior to operation was similar as for 
carcinomas of the pancreas. The most common com- 
plaint was jaundice (79%) followed by weight loss 
(50%). Eleven out of 14 cases underwent an operation 


: and the operative mortality rate was zero (Table 3). In 


this group, eight pancreatoduodenectomies were per- 
formed with no mortality and there are four patients ap- 
parently cured and living eight to 20 years without dis- 
ease, giving an overall five year survival rate of 3696. 


Discussion 


There is a continuing controversy in the literature as 
to which procedure is best for the management of the 
patient with resectable pancreatic cancer. The propo- 
nents against pancreatoduodenectomy?^ argue that the 
high mortality rate and poor five year survival results 
Should deter inexperienced surgeons from carrying out 
this procedure and insist that bypass operations result 
in equally good survival with a much lower mortality.* 
There is no doubt that the overall mortality rate for 
pancreatoduodenectomy reported by most centers is 
high, usually between 20% to 4096.13--* However, it has 
been shown that it is possible to keep the mortality 
rate low by having such radical operations performed 
by experienced teams.” ®81%14 Regarding five year sur- 
vival, most series show this to be disappointingly 


TABLE 3. Procedure Used, 30 Day Mortality Rate and Survival 




















Ca Pancreas Ampulla CBD 
Procedure Pts. OR mort. % Survival mo Pts. OR mort. % Survival mo Pts. OR mort % Survival mo 
Expl. lap. 119 34 5.83 — — — 4 50 4 
Bypass 125 12 7.37 1 100 0 5 20 4 
Pancreatoduodenectomy 23 12 15.0 8 0 78 4 50 21 
Distal pancreatectomy 4 30 15.0 — — — — — — 
Local resection — — — 1 0 24 1 0 84 
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TABLE 4. Carcinoma of Pancreas 
Total 
Years. Patients Laparotomy Bypass Whipple 
1929-1939 4 4 (25) 
1940-1949 18 7 (14) 6 (16.0) 5 (20.0) 
1950—1959 87 40 (41) 43 (15.0), 4 (25.0 
1960—1969 98 44 (23) 49 (15) (0) 
1970-1973 62 24 (46.0) 27 (0) 9 (11) 
Total 269 119 (34) 125 (12) 23 (12.0) 





Type of operation and mortality analysed by decades. Numbers 
in parentheses represent percentage operating room mortality. 


low,!?47:1? but better results obtained by other investi- 
gators must not be overlooked.9:9:19.14 

Irrespective of what procedure one advocates, 
everyone seems to agree that pancreatoduodenectomy 
is the only procedure that can effect a cure, and even if 
this is not attained, some investigators believe that it is 


worthwhile as it offers the best palliation. Although by-. 


pass procedures appear to offer some measure of pallia- 
tion, and some patients appear to live for a considerable 
length of time, it still is not as good as the survival 
time for all patients undergoing pancreatoduodenec- 
tomy.?5:233 Exploratory laparotomy only serves as a 
diagnostic procedure. 

In our series the highest operative mortality rate 
(death within 30 days of the operation) was associated 
with exploratory laparotomy (34%) and the lowest with 
pancreatoduodenectomy (12%) while the mortality 
with bypass procedures was 12%. The results are simi- 
lar to those already reported in the literature.19191* As 
already pointed out in the results, the mortality for both 
pancreatectomy and bypass procedures has steadily 
decreased while that of laparotomy has remained es- 
sentially unchanged. This may be explained by assum- 
ing that patients undergoing laparotomy have widely 
spread disease, are severely malnourished, and in these 
patients any trauma will be accompanied by a high mor- 
tality. Patients undergoing bypass or pancreatoduo- 
denectomy have generally more localized disease, are 
less malnourished, and in these patients improved post- 
operative care has decreased the operative mortality. 


TABLE 5. Location of Tumor as Determined at 
Operation or Autopsy 


': Location No. of Patients 
Head 173 
Body 27 
Tail 18 
Diffuse (3 parts) 12 
2 parts involved 29 
Not stated 66 
Ampulla 14 


Distal common bile duct 17 
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TABLE 6. Survival of Patients with Carcinoma of Pancreas as a 
Function of Preoperative Duration of Symptoms 


Average Survival 


No. of Patients Duration of Symptoms (months) 
112 0-3 months 7.71 + 1.06 
30 3—6 months 6.06 + 1.07 
43 6 months 7.36 + 1.42 


It may be interesting to study the effect of prior hyper- 
alimentation on mortality in these severely malnour- 
ished patients. 

Patients that underwent pancreatoduodenectomy for 
carcinoma of the pancreas lived longer and apparently 
better than the rest of the patients (average survival 
time is 15.0 + 4.4 months). Although we cannot report 
a single five year survivor, one patient died 4.7 years post- 
operatively without any evidence of tumor at autopsy. 

Patients undergoing bypass procedures lived on the 
average 7.37 + 0.65 months which was not signifi- s 
cantly longer than the 5.83 + 0.84 months survival of 
patients undergoing exploratory laparotomy alone. 

The argument can be raised that patients undergoing 
resection had more favorable lesions as determined at 
the time of laparotomy by means of size of tumor, ab- 
sence of metastasis efc. Using these criteria for com- 
parison a review of our records show that the few by- 
passed patients with comparable lesions did not do so 
well. This observation seems to be in agreement with 
those of other observers.!! One however, has to bear in 
mind that such comparison is not strictly correct as a 
specimen removed surgically often is compared with 
one left in situ. To settle this argument one would have 
to devise a double blind prospective randomised study 
between pancreatoduodenectomy and bypass proce- 
dures, and to our knowledge this has not been done yet. _ 

A disappointing observation in this series was the 
fact that the majority of patients had a very short his- 
tory of nonspecific complaints prior to admission (8296 
less than six months, 50% less than three months). 
Even if the patient had sought medical attention right 
at the beginning of his symptoms, this earlier detection 
would probably have minimal effect on survival rate as 
it can be seen from Table 6. This is probably because we 
are dealing with a tumor which by virtue of its location 
manifests itself late in its development. 


- TABLE 7. Survival as a Function of Location of Tumor 


Location of Tumor Average Survival (months) 


Head ; 7.6 x 0.85 
Body 4.87 + 1.21 
Tail 6.25 + 2.91 
Ampulla 78.0 
CBD 8.6 
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Barring, at the moment, a method of detection of the 
tumor prior to the time it becomes symptomatic we 
feel, in view of our experience that the patient with ade- 
nocarcinoma of the pancreas should be managed as fol- 
lows: 


1. If there is evidence of distant or widespread metas- 
tasis without evidence of obstruction the patient 
should be left alone. Operating on these patients is 
accompanied by a prohibitive mortality rate. This 
mortality raté has remained unchanged in the last 40 
years (Table 4). 

2. If the patient is deemed operable then at the time 
of laparotomy one of two procedures can be carried 
out depending on the operative findings. 

a) If the tumor appears unresectable with metas- 
tases to liver and/or lymph nodes and it is either 
obstructive or appears impending then one 
should perform biliary and duodenal bypass pro- 
cedures. 

b) If the surgeon knows that he is dealing with car- 
cinoma of the pancreas (as a result of positive 
biopsy) and the tumor appears confined to the or- 
gan, then irrespective of its size one should pro- 
ceed with pancreatoduodenectomy. 


Our results with carcinoma of the common bile duct 
were very disappointing. In spite of the fact that this tu- 
mor manifests itself earlier in its development we were 
able to salvage only one patient. However, these pa- 
tients included all patients with carcinoma of CBD not 
only the ones in the periampullary region. 

On the other hand by doing a pancreatoduodenec- 
tomy in patients with ampullary carcinoma, we were 
able to cure four out of ten patients and these results 
are in agreement with those reported in the literature. 
When dealing with tumors of the distal common bile 
duct and ampulla, we feel that if the surgeon employs 
the criteria set out for carcinoma of the pancreas he 
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will be able to salvage a considerable proportion of 
these patients. 

If this plan of action is accepted it is possible that a 
greater number of pancreatic tumors will be resected 
and a better survival rate obtained. Even if this is not 
accomplished then at least better palliation will be 
offered to these patients. 
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Gastric Ulceration in Patients Receiving Intrahepatic 


Infusion of 5-Fluorouracil 


THOMAS NARSETE, M.D., FRED ANSFIELD, M.D., GEORGE WIRTANEN, M.D., GUILLERMO RAMIREZ, M.D., 


WILLIAM WOLBERG, M.D., FREDRIC JARRETT, M.D. 


Gastric ulceration developed in eight patients during intra- 
hepatic arterial infusion of 5-FU. Bleeding occurred in four 
instances and perforation in one. In all cases the catheter tip 
had been dislodged and was proximal fo its correct position, 
allowing the stomach to be directly infused with 5-FU. No duo- 
denal ulcers were noted. All patients were symptomatic for 
several days before the diagnosis was made. Of 20 patients 
with catheter dislodgement, five had documented ulcers, three 
had upper gastrointestinal bleeding of undetermined etiology, 
eight had epigastric pain or vomiting and only four were 
asymptomatic. Prompt determination of catheter position is 
necessary in patients receiving intrahepatic arterial infusion of 
5-FU if symptoms consistent with gastric ulceration occur. 
Gastric ulcers should be vigorously treated because of the high 
rate of complications in patients receiving chemotherapy. 


IGHT GASTRIC ULCERS WERE SEEN in 251 patients 
who received intrahepatic infusion of 5-FU via a 
catheter inserted percutaneously and positioned in the 
hepatic artery. None of the patients had a previous his- 
tory of ulcer disease. Each was symptomatic for sev- 
eral days prior to documentation of the diagnosis of 
gastric ulcer by radiographic examination, endoscopy, 
or autopsy. 

Intrahepatic arterial infusion is utilized at the Uni- 
versity of Wisconsin Hospitals for treatment of tumors 
metastatic to the liver. Biopsy or angiographic evi- 
dence of hepatic metastases is required before the ini- 
tiation of therapy. Infusion catheters are inserted per- 
cutaneously into the brachial artery and positioned 
under fluoroscopic control in the proper, right or left 
hepatic artery as the location of the metastatic lesions 
dictate. Catheter placement is checked by fluoroscopy 
every four to five days. The usual dose of 5-FU is 20-30 
mg/kg for four days, followed by 15 mg/kg for 17 days. 
In patients who develop systemic manifestations of 
5-FU toxicity, the infusion is discontinued and the 
catheter either removed or kept open with dextrose 
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solution. Dosage schedules, clinical results, and mor- 
bidity and mortality have been reported previously. 


Materials and Methods 


Eight patients, whose ages ranged from 44 to 67 years 
(average 58 years), developed a gastric ulcer proven by 
endoscopy, radiography, or autopsy. The ulceration 
occurred in the antrum in five of eight cases and the 
ulcers were characteristically large (Table 1). In all 
eight patients the catheter tip at the time of ulceration 
was found proximal to the stomach's arterial blood 
supply (Fig. 1). In each instance where endoscopy or 
autopsy was performed there was necrosis, hemor- 
rhage and edema in the ulcer crater and surrounding 
mucosa. Four patients bled from their ulcers. One pa- 


tient sustained a perforation and expired. The diagnosis -- 


was not made antemortem. 

A retrospective review of all 251 patients undergaing 
hepatic artery infusion chemotherapy over a two year 
period was undertaken. Catheter displacement had 
occurred in 20 patients (876); nine were males and 11 
females. The catheters were most commonly displaced 
into the left gastric and gastroduodenal arteries (Fig. 2) 
and most patients whose catheters were so displaced 
developed epigastric distress prior to a check of cathe- 
ter position. Five of these 20 patients developed a 
gastric ulcer, one of which perforated. The onset of 
symptoms was from four to 20 days after the initiation 
of chemotherapy. Three additional patients with proven 
gastric ulceration were noted to have dislodged their 
catheters into the common hepatic artery, proximal to 
the origin of the right gastric or gastroduodenal artery, 


-a position which is usually considered satisfactory for 


infusion. Three additional patients developed upper 
gastrointestinal bleeding without a documented ulcer. 


734 


"T 





* Gastroduodenal artery steal. 


Discussion 


Intrahepatic arterial infusion of 5-FU has been ex- 
tensively utilized to treat patients with tumor meta- 
static to the liver. Rigid criteria of improvement were 
met by 55% of the study cases.*? In over 80% of pa- 
tients this therapy has been well tolerated, but the re- 
maining 20% of patients have evidenced a variety of 
reactions including diarrhea, nausea and vomiting, 
stomatitis, upper abdominal pain and leukopenia.! 

Gastric ulceration secondary to intra-arterial 5-FU 
infusion has not previously been reported but the causal 
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TABLE 1. Gastric Ulceration in Patients Receiving Intrahepatic Arterial Chemotherapy 
Patients Ulcers 
Onset of Ulcer location Catheter 
Patient Sex Age Symptoms and Size Position Complication 
1 F 44 4 days Corpus Left gastric artery Bleeding 
2 F 66 19 days Antrum 3 cm Left gastric artery Bleeding 
3 66 10 days Antrum 3 cm Left gastric artery Perforation 
and death 
4 F 61 6 days Antrum 0.8 cm Left gastric artery None 
(2 ulcers) 
5 F 67 12 days Corpus 3 cm Celiac axis None 
M 55 17 days Antrum 4 cm Common hepatic artery* Bleeding 
7 F 50 10 days 4 small gastric Common hepatic artery Bleeding 
ulcers proximal to the gastro- 
duodenal artery 
8 M 56 20 days Antrum 1 cm Common hepatic artery None 


proximal to the right 
gastric artery 





relationship between 5-FU infusion of the gastric arte- 
rial supply and gastric ulceration is suggested by sev- 
eral observations. The incidence of gastric ulceration 
(826) in the 251 patients reviewed was far in excess 
of the incidence of gastric ulceration in the normal 
population, which is between 0.1 and 0.496.599 The 
male:female ratio among our eight patients was 1:3, 
while this ratio is customarily reported as 3:1 or 4:1.1018 
All eight patients with gastric ulceration had displace- 
ment of their infusion catheters proximal to the gastric 
blood supply (Table 1): five were located in either the 





Fic. 1. Site of infusion catheters in eight patients with gastric ulcera- 
tion. LGA-left gastric artery, SA-splenic artery, CHA-common 
hepatic artery, RGA-right gastric artery, GDA-gastroduodenal 
artery, PHA- proper hepatic artery. 


Fic. 2. Catheter displacement in twenty patients. LGA -left gastric 
artery, SA-splenic artery, CHA—common hepatic artery, RGA- 
right gastric artery, GDA-gastroduodenal artery, PHA-proper , 
hepatic artery. 
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TABLE 2. Catheter Dislodgement in 20 Patients Receiving 
Intrahepatic Arterial Chemotherapy 


* 


Symptoms and 


Patient Sex Age Catheter Location Complications 
1 F 66 Left gastric artery Bleeding ulcer 
2 M 65 Splenic artery LUQ pain 
3 M 354 Gastroduodenal artery Emesis, nausea 
4 F 5] Left gastric artery UGI bleeding 
5 M 5 Gastroduodenal artery Nausea and vomiting 
6 M 63 Left gastric artery None 
7 F 52 Gastroduodenal artery Abdominal pain 
8 F 67 Left gastric artery Abdominal pain, 
vomiting 
9 M 57 Left gastric artery Abdominal pain 
10 M 62 Left gastric artery Abdominal pain, 
UGI bleeding 
11 F 52 Gastroduodenal artery Epigastric pain 
12 F 66 Left gastric artery Perforated ulcer 
13 F 610 Left gastric artery Two antral ulcers 
14 F 67 Celiac axis Ulcer 
15 F 44 Left gastric artery Bleeding ulcer 
16 F 60  Gastroduodenal artery None 
17. M 62 Splenic artery None 
18 M 69 Celiac axis None 
19 F . 64 Gastroduodenal artery Epigastric pain 
20 M 79 Celiac axis Abdominal pain, 





UGI bleeding 
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apy, the retrograde flow reversed. The infusion cathe- 
ter had been positioned in the common hepatic artery 
proximal to the origin of the gastroduodenal. With res- 
toration of antegrade flow, perfusion ofthe antrum with 
5-FU occurred. 

The gastric ulcers that developed in our patients were 
particularly virulent as evidenced by the high incidence 
of bleeding and perforation. Gastric ulcers are more 
likely to bleed than duodenal ulcers,? and perforated 
gastric ulcers are associated with a higher mortality 
than perforated duodenal ulcers.’ Gastric ulcers which 
develop during hospitalization for another disease are 
particularly lethal.* The development of symptoms of 
epigastric pain, nausea or vomiting in a patient re- 
ceiving intrahepatic arterial chemotherapy mandates 
determination of catheter position and investigations to 
document the presence of gastric ulceration. Unfortu- 
nately, attempts to manipulate arterial catheters at the 
site of percutaneous entry are associated with a high 
rate of infection (35%) and are not recommended." If 
necessary, the catheter should be removed and rein- 
sertion attempted through the contralateral brachial 
artery. The optimum catheter position is in the proper 
hepatic artery distal to the gastric blood supply. 
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left gastric artery or celiac axis, and three were located 
in the common hepatic artery, a position which is usu- 
ally considered acceptable, but which is likewise proxi- 
mal to a portion Of the gastric blood supply. Of 20 pa- 
tients who were noted to have catheter displacement 
by fluoroscopy, five had documented ulcers, three had 
upper gastrointestinal bleeding of undetermined etiol- 
ogy, eight had epigastric pain or vomiting, and four were 
asymptomatic (Table 2). No duodenal ulcers were encoun- 
tered in our patients, although the usual ratio of duo- 
denalto gastric ulcers is considered to be 4:1. One could 
postulate that this phenomenon is related to differences 
in turnover rates of the specific cell populations’? or to 
differences in the anatomy of the blood supply of the 
stomach and duodenum. 

One patient developed an ulcer 17 days after the ini- 
tiation of therapy. His tumor was sufficiently vascular 
that retrograde flow in the gastroduodenal artery had 
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10. 


il. 


12. 


13. 


1970. Am. J. Surg., 120:306, 1970. 


. Dorton, H. E.: Vagotomy, Pyloroplasty and Suture for Bleed- 


ing Gastric Ulcer. Surg. Gynecol. Obstet., 120:306, 1970. 


. Hennison, J.: Observations Made on the Group of Employees 


with Duodenal Ulcer. Am. J. Med. Sci., 196:654, 1938. 


. Jordan, G. L., Angel, R. T. and DeBakey, M. E.: Acute Gastro- 


duodenal Perforation. Arch Surg., 92:449, 1966. 


. Knutson, B. and Selvaag, O.: The Incidence of Peptic Ulcer. 


Acta Med. Scand. (Suppl), 196:341, 1942. 


. Kukal, J. C.: Gastric Ulcer: An Appraisal. Surgery, 63:1024, 


1968. 

Larson, N. E., Carn, J. C. and Bartholomew, L. G.: Prognosis - 
of the Medically Treated Small Gastric Ulcer. N. Engl. J. 
Med., 264:119, 1961. 

Maki, D. G., McCormick, R. D. and Wirtanen, G. W.: Septic 
Endarteritis due to Intra-arterial Catheters for Cancer Chemo- 
therapy I. Clinical features II. Risk Factors III. Guidelines - 
for Prevention. Presented at Interscience Conference on Anti- 
microbial Agents and Chemotherapy, New York, NY, Oct. 
12-14, 1977. 

McDonald, W. C., Trier, J. S. and Everett, N.: Cell Proliferation 
Migration in the Stomach, Duodenum and Rectum in Man: 
Radioautographic studies. Gastroenterology, 46:405, 1964. 

Swynnerton, B. F. and Tanner, N. C.: Chronic Gastric Ulcer. 
Br. Med. J., 3:415, 1968. 











ven brihant surgery 
can be complicated 
by infection... 





ANCEF is effective i 
m post-surgical infections: 


€ "Broad coverage of the major areas of post-surgical infection due to 
susceptible organisms. See Indications on next page. 


e High Levels Present in Tissues and Fl uidst 

Ancef® achieves high concentrations in bone, synovial fluid, skin and soft 
tissues (such as pleural fluid, peritoneal fluid and lymph nodes). Ancef* 
is also excreted in a microbiologically active form in urine. 


e High and Prolonged Serum Levels 

A single 1 gram IV injection produced a mean peak concentration of Ancef* 
of 190 mcg/ml in healthy adult volunteers. After 4 hours, levels of 16.5 
mcg/ml were still present. 


e IMorIV Dosage Flexibility 
The same dosage schedule can be used for both IM and IV administration. 


e Well Tolerated 

Most frequently reported adverse reaction is pain on injection. Please see 
next page for a complete list of reported adverse reactions. Use with caution 
in patients with penicillin or other allergies. 


Please see next page for a brief summary of prescribing information, 
including indications, contraindications, warnings, precautions, and 


. adverse reactions. 
- 
+ Data on file, SK&F Medical Department. Tissue penetration is regarded as essential to therapeutic A 
efficacy, but specific antibiotic tissue levels have not been directly correlated with specific 
therapeutic effects. 


Smith Kline &French Laboratories 
Philadelphia, Pa. 


ANCEF im 


brand of steril 


- CEFAZOLIN SODIUM 
(LYOPHILIZED) SKSF . 


Injection: 250 mg, 500 mg, and 1 gram vials a SmithKline company 
á s 





ANCEF iw 


brand of sterile 


CEFAZOLIN SODIUM 


(LYOPHILIZED) 


Injection: 250 mg, 500 mg, and | gram vials 


Before prescribing, see complete prescribing information in 
SK&F literature or PDR. The following is a brief summary. 


Indications: Ancef* (sterile cefazolin sodium, SK&F) is 
indicated in the treatment of the following serious infec- 
tions due to susceptible organisms. 


Respiratory tract infections due to Streptococcus (Diplo- 
coccus) pneumoniae, Klebsiella species, Hemophilus in- 
fluenzae, Staphvlococcus aureus (penicillin-sensitive and 
penicillin-resistant), and group A beta-hemolytic strep- 
tococci. 

Injectable benzathine penicillin is considered to be the 
drug of choice in the treatment and prevention of strepto- 
coccal infections, including the prophylaxis of rheumatic 
fever. 

‘Ancef is effective in the eradication of streptococci from 
the nasopharynx; however, data establishing the efficacy 
of 'Ancef' in the subsequent prevention of rheumatic fever 
are not available at present. 


Genitourinary tract infections due to Escherichia coli, Proteus 
mirabilis, Klebsiella species, and some strains of enterobacter 
and enterococci. 


Skin and soft-tissue infections due to 5. aureus (penicillin- 
sensitive and penicillin-resistant) and group A beta- 
hemolytic streptococci and other strains of streptococci. 


Bone and joint infections due to S. aureus. 


. . x soe . 
Septicemia due to Str. pneumoniae, S. aureus (penicillin- 
sensitive and penicillin-resistant), P. mirabilis, E. coli, and 
Klebsiella species. 


Endocarditis due to S. aureus (penicillin-sensitive and 
penicillin-resistant) and group A beta-hemolytic strep- 
tococci. 

Appropriate culture and susceptibility studies should be 
performed to determine susceptibility of the causative 
organism to 'Ancef'. 


Contraindication: ' Ancef' is contraindicated in patients with 
known allergy to the cephalosporin group of antibiotics. 


Warnings: BEFORE CEFAZOLIN THERAPY IS INSTI- 
TUTED, CAREFUL INQUIRY SHOULD BE MADE 
CONCERNING PREVIOUS HYPERSENSITIVITY 
REACTIONS TO CEPHALOSPORINS AND PENI- 
CILLIN; CEPHALOSPORIN C DERIVATIVES SHOULD 
"BEGIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE 
PATIENTS. 
SERIOUS ACUTE HYPERSENSITIVITY REACTIONS 
MAY REQUIRE EPINEPHRINE AND OTHER EMER- 
GENCY MEASURES. 


There is some clinical and laboratory evidence of partial 
cross-allergenicity of the penicillins and the cephalosporins. 
Patients have been reported to have had severe reactions 
(including anaphylaxis) to both drugs. 


Antibiotics, including ‘Ancef’, should be administered 
cautiously to any patient who has demonstrated some form 
of allergy, particularly to drugs. 


Usage in Pregnancy —Safety of this product for use during 
pregnancy has not been established. 


Usage in Infants —Safety for use in prematures and infants 
under one month of age has not been established. 


Precautions: Prolonged use of * Ancef' may result in the over- 
growth of nonsusceptible organisms. Careful clinical ob- 
servation of the patient is essential. If superinfection occurs 
during therapy, appropriate measures should be taken 


When 'Ancef is administered to patients with low urinary 
output because of impaired renal function, lower daily 
dosage is required (see dosage instructions in the package 
literature). 


A false- positive reaction for glucose in the urine may occur 
with Clinitest® tablets; use glucose enzyme-type reagents. 


Adverse Reactions: The following reactions have been re- 
ported: Drug fever, skin rash, vulvar pruritus, eosino- 
philia, neutropenia, leukopenia, thrombocythemia, and 
positive direct and indirect Coombs tests have occurred. 
‘Transient rise in SGOT, SGPT, BUN, and alkaline phos- 
phatase levels has been observed without clinical evidence 
of renal or hepatic impairment. Nausea, anorexia, vomiting, 
diarrhea, and oral candidiasis (oral thrush) have been 
reported. Pain at the site of injection after intramuscular 
administration has occurred, some with induration. Phle- 
bitis at the site of injection has been noted. Other reactions 
have included genital and anal pruritus, genital moniliasis, 
and vaginitis. 


Administration and Dosage: ‘Ancef may be administered 
intramuscularly or intravenously after reconstitution. See 
the package literature for reconstitution procedures. 


See the package literature for dosage recommendations. 


Smith Kline SFrench Laboratories 
Philadelphia, Pa. 


SKSF 


a SmithKline company H 


Evaluation of Cardiac Ischemia by NADH Fluorescence 


Photography 


CLYDE H. BARLOW, PH.D., ALDEN H. HARKEN, M.D., BIRTTON CHANCE, PH.D. 


A direct, noninvasive method of assessing the oxidation-reduc- 
tion potential of an intramyocardial respiratory chain com- 
ponent is described. The technique is based on the differences 
in spectral properties between the oxidized and reduced forms 
of nicotinamide adenine dinucleotide (NADH). The tissue sur- 
face fluorescence from intracellular NADH may be measured 
and documented photographically. Noose occlusion of a cor- 
onary artery produced detectable NADH fluorescence in 15 
seconds in the subtended ischemic epicardium. This fluores- 
ence of reduced pyridine nucleotide resolved following 60 sec- 
onds of reperfusion of the ischemic myocardium. The reduc- 
tion of epicardial NADH with ischemia is a rapid and reversible 
process. A subsequent noose reocclusion resulted in a repro- 
ducible pattern of fluorescence. The technique of NADH fluo- 
rescence photography appears superior to current methods of 
assessing tissue oxygen supply:demand. 


HROUGHOUT THIS CENTURY, Surgeons have con- 
tinuously searched for some indicator which 
might better reflect the adequacy of tissue perfusion or 
cellular respiration. Fifty years ago, Clausen? first rec- 
ognized an elevated blood lactic acid concentration in 
children with severe diarrhea and secondary hypovo- 
lemia. Over the years, the blood lactate level has fallen 
into and out of favor as a useful parameter in the meta- 
bolic management of the critically ill patient. The pur- 
pose of this manuscript is to describe a more direct 
method of assessing tissue oxygenation. 


Method 


Hearts were rapidly excised from twenty-five rabbits 
anesthetized with sodium pentobarbital. Hearts were 
immediately perfused at 30° with Krebs-Ringer bicar- 
bonate buffer containing 5 mM glucose and 2.5 mM 
Ca?* by the Langendorf perfusion procedure.’ Left 
ventricular pressure was continuously monitored through 
a 25 gauge needle in the left ventricle connected to a 
Millar pressure transducer (model 350). 
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Fluorescence photographs were taken witha Bronica 
S2A camera (Fig. 1) with a 75 mm focal length lens re- 
versed to provide an image on the film 1.5 times the 
actual size of the heart. A filter pack containing a Corn- 
ing 9788 and a Wratten 45 filter was placed over the 
camera lens to allow transmission of NADH fluores- 
cence in the 430 to 510 nm region. Photographs were 
recorded on Kodak Royal-X Pan film. 

Fluorescence excitation was provided by two 1000 
Joule Xenon flashtubes (EG&G FX—47C3), one 
mounted on either side of the camera lens. Flashtubes 
were covered by Corning 5840 filters to provide 330 to 
380 nm excitation. 


Results 


In each of the 25 rabbit heart perfusion systems the 
430—510 nm emission from normoxic rabbit heart was 
identifiable as dark, nonfluorescent epicardium (Fig. 2). 
Noose occlusion of a coronary artery invariably pro- 
duced detectable NADH fluorescence in 15 seconds 
(Fig. 3). In each instance, this process was completely 
reversible with reperfusion of the ischemic myo- 
cardium (Fig. 4). Reocclusion of the coronary artery 
resulted in a fluorescent ischemic area of similar size 
(Fig. 5). 


Discussion 


The rate of oxidation of reduced nicotinamide ade- 
nine dinucleotide (NADH) to oxidized nicotinamide 
adenine dinucleotide (NAD*) by oxygen via the mito- 
chondrial electron transport system decreases during 
tissue hypoxia. Under these conditions, the glycolytic 
system may accelerate the lactate—pyruvate reaction to 


supplement the energy demands of the tissue while in- * 


creasing production of tissue lactate. The enzymatic 
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1000 Joule 440-510nm 
Xenon Flash Filters 
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Fic. 1. Epicardial fluorescence photographic instrumentation. A 
350 u sec flash from two 1000 Joule Xenon flashtubes is directed at 
the left ventricle and filtered through 330—390 nm filters. Emitted 
fluorescence, designating reduced NADH, is filtered at 440—510 nm 
and a photograph taken. This technique permits delineation of the 
oxygen supply—demand ratio over the entire surface of the left 
ventricle. 


Fic. 2. Fluorescence photograph of a Langendorf preparation rabbit 
heart. Fat and connective tissue fluoresce brightly, but the ventricles 
appear dark due to the highly oxidized state of the NAD in the epi- 
cardial mitochondria. 
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Fic. 3. Fluorescence photograph illustrating the alteration in epi- 
cardial NADH fluorescence excited at 350 nm and emission greater 
than 440 nm associated with 15 seconds of noose occlusion of a coro- 
nary artery. 


oxidation-reduction of lactate is described by the 
equation: 


Pyruvate + NADH = lactate + NAD* 


Huckabee? emphasized the significance of a rear- 
rangement of the mass action equation into the form: 


NADH 
NAD* 


He suggested that the NADH:NAD* ratio reflected 
oxygen supply and noted that the lactate:pyruvate ratio 
should remain constant when oxygen is abundant. 
However, when oxygen supply is limited, Huckabee? 
coined the term "excess lactate" for any increase in 
lactate concentration over and above that which could 
be explained on the basis of a concurrent increase in 
pyruvate concentration. The merit, method and mean- 
ing of blood lactate levels in critically ill patients has 
recently been reviewed.’ 


lactate = pyruvate X K 
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Direct observation of the relationship between intra- 
cellular oxygen demand and whole organ function con- 
tinues to be a challenging problem. Even the most re- 
fined methods of measuring blood and tissue oxygen 
tension fail to indicate the oxidation reduction state of 
the respiratory carriers.* Indeed, current technology 
fails to report the primary event of hypoxia— that of 
decreased mitochondrial function. It is just this prob- 
lem that Huckabee? hoped to solve by relating the 
respiratory carriers (NADH and NAD*) to the lac- 
tate:pyruvate ratio. At best, however, the lactate: 
pyruvate ratio provides only a mean value of the tissue 
redox state without regard for the heterogeneity of 
redox state distribution throughout the cell, tissue or 
body. 

Barlow and Chance! have recently introduced a 
photographic technique whereby the distribution of 
mitochondrial redox states across the surface of a 
functioning organ may be evaluated. The technique is 





Fic. 4. Fluorescence photograph depicting the absence of NADH 
fluorescence following reperfusion for 60 seconds of the ischemic 
area. The reduction of epicardial NAD with ischemia is a rapid and 
reversible process. 


EVALUATION OF ISCHEMIA BY PHOTOGRAPHY 
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Fic. 5. Fluorescence photograph illustrating NADH fluorescence 
produced by reocclusion of the coronary artery for 15 seconds. The 
size of the fluorescent ischemic area is stable on reocclusion. 


based on the differences in spectral properties be- 
tween the oxidized and reduced forms of nicotinamide 
adenine dinucleotide. As compared'to NAD, NADH 
has an absorption maximum at 340 nm and fluorescence 
emission at 470 nm. The fluorescence from intracellu- 
lar NADH may be measured from the surface of tissues 
allowing bioenergetic changes to be continuously mon- 
itored in a noninvasive manner.? NADH fluorescence 
photographs of perfused rabbit hearts were recorded 
by using the ultraviolet component of 350 u second 
xenon flash excitation source. The photograph of the 
430—510 nm fluorescence emission from a normoxic 
rabbit heart is shown in Figure 2. The ventricles appear 
dark due to the highly oxidized state of the NAD in 
the epicardial mitochondria. Fat and connective tissue 
fluoresce brightly, but the intensity of this fluorescence 
does not change. The intensity of the fluorescence from 
the ventricle on the other hand is dependent upon the 
bioenergetic state of the heart. This is evidenced in 
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Figure 3 where a coronary artery has been occluded 
and the ischemic area, high in NADH, exhibits en- 
hanced fluorescence.* The sharpness of the normoxic— 
anoxic interface is evidence of an extremely steep oxy- 
gen gradient at the edge of this ischemic area. 
Chance? has precisely delineated the relatively linear 
relationship between oxygen concentration and the 
percent oxidation-reduction level of mitochondrial 
suspensions. Measurement of fluorescence emission is 
practical and particularly suitable for the noninvasive 
study of perfused viable tissue. This technique does not 
require transmission of light through the tissue. Exci- 
tation of fluorescence and measurement of the emission 
requires only one free surface. Tissue hemoglobin? and 
the other respiratory chain components? cause little 
interference with the detection of the intense fluores- 
cence emission band of mitochondrial pyridine nucleo- 
tide. Chance has demonstrated that the oxygen tension 
surrounding isolated myocardial mitochondria must fall 
to approximately 0.06 torr in order to reduce half the 
mitochondrial pyridine nucleotide. The tissue oxygen 








* The decrease in tissue redox potential appears to be very rapid 
with detectable NADH fluorescence identifiable following 15 seconds 
of coronary artery occlusion. In fact, following 30 seconds of ischemia 
the epicardial pyridine nucleotide was maximally reduced (Fig. 3). 
As anticipated, the ischemia induced NADH fluorescence was com- 
pletely reversible in all instances (Fig. 4). 
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gradient between the fluorescent and nonfluorescent 
areas of epicardium is probably at least 100:1.! 

This direct, noninvasive method of assessing the 
oxidation-reduction potential of an intracellular res- 
piratory chain component appears superior to previous 
methods of evaluating tissue oxygen supply:demand. 
It is hoped that this technique will permit the surgical 
physiologist and perhaps even the cardiac surgeon and 
renal transplant surgeon, a more rapid reliable and 
responsive tool in the objective evaluation of tissue 
viability. 
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Neonatal Small Left Colon Syndrome 


DAVID R. STEWART, M.D., G. WILLIAM NIXON, M.D., DALE G. JOHNSON, M.D., VIRGIL R. CONDON, M.D. 


Neonatal small left colon syndrome is a functional disease of 
the lower colon which produces typical signs and symptoms of 
intestinal obstruction. It is manifest in the first 24-48 hours 
of life, particularly in infants of diabetic mothers and, if de- 
tected early, it can be fully cured by radiographic contrast 
enemas, not unlike meconium plug syndrome. Intestinal 
perforation and death may occur, however. The etiology of 
the disease is unknown but it may relate to neurohumoral 
imbalances between the autonomic nervous system and 
glucagon. 


NUMBER OF NONSURGICAL CAUSES of neonatal 
A intestinal obstruction are known, including de- 
scriptions by Clatworthy? of the meconium plug syn- 
drome, and Zachary” of high colonic meconium ob- 
struction. In addition, several functional causes of 
obstruction, such as that associated with respiratory 
distress syndrome, have been identified. Some of these 
have been cases with morphologically normal gastro- 
intestinal tracts in which no etiologic factors have been 
identified. 171920 

In 1974, Davis? described a condition, the neonatal 
small left colon syndrome (SLCS), in which signs and 
symptoms oflow colonic obstruction were present. We 
wish to amplify his observations by providing four 
additional cases and, in addition, to indicate that the 
condition is not benign as his initial report suggests. 


Materials and Methods 


Four infants presented to the Primary Children's 
Medical Center with a history suggesting a low in- 
testinal obstruction. Plain abdominal, and contrast 
enema roentgenographic examinations were performed 
on each infant. Three of the four cases were treated 
surgically. Pathologic specimens were available for 
study on one of the four cases and will be dis- 
cussed. 


Clinical Findings and Course— Tables 1 and 2 


All four infants presented with signs and symptoms 
of low colonic obstruction within the first 48 hours of 
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life. The gestational age was between 36 and 40 weeks 
in each case and their weights ranged between 2,400 
and 4,500 g. Three were infants of diabetic mothers 
requiring drug management, and all exhibited hypo- 
glycemic cardiomyopathy, cyanosis, and persistent 
fetal circulation syndrome shortly after birth. Ab- 
dominal distention was present and the spontaneous 
passage of meconium was unusual. Plain abdominal 
roentgenograms showed dilated bowel in all four and a 
pneumoperitoneum was present initially in two of the 
four cases. Contrast enema examination demonstrated 
the characteristic findings of SLCS in all four. These 
findings will be described later. 

Because of the presence of a pneumoperitoneum, 
three of the four patients were operated upon. Two 
of the three had isolated cecal perforations requiring 
a cecostomy and the third had multiple ileal perfora- 
tions in a marginally viable ileum. The affected por- 
tion of the ileum was excised and an ileostomy was 
done. Two of the four patients died. Both were se- 
verely ill prior to operation and died of symptoms of 
heart disease shortly after surgery. The two patients 
who survived have normal contrast enema examina- 
tions at this point and are defecating normally. 


Radiographic Findings 


Plain abdominal films in cases of SLCS almost in- 
variably show multiple dilated loops of bowel in a 
pattern suggestive of a low colonic obstruction. 
(Fig. 1) Contrast enema examination shows a colon of 
significantly reduced caliber from the anus to the 
splenic flexure, and there is generally a zone of transi- 
tion at the splenic flexure. (Fig. 2) This zone of transi- 
tion is often longer than the one seen with Hirsch- 
sprung's Disease. In most instances, the colon has 
smooth margins, unlike the jagged or serrated mar- 
gins as described by Hope, et al.'? in Hirschsprung's 
Disease. In our cases, like those of Davis, the colon 
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TABLE 1. Clinical Data on Patients with Small Left Colon Syndrome 
Patients 
R.M M.G. K.M. PP: 
#1 #2 #3 #4 
Sex Female Female Female Female 
Gestation 39 weeks 38 weeks 36 weeks 36 weeks 
Age seen @ PCMC 24 hours 48 hours 48 hours 24 hours 
Diabetic mother No Yes Yes Yes 
Prenatal problems None Toxemia Polyhydramnios Toxemia 
Weight 3856 grams 4500 2400 4400 
Perinatal problems None PFCS Hypoglycemia, Hypoglycemia PFCS, PFCS Hypoglycemia, 
cyanosis cyanosis cyanosis 





PFCS indicates Persistant Fetal Circulation Syndrome. 


proximal to the transition zone was dilated and dis- 
tended with meconium. (Fig. 2). In each instance, the 
entire colon was readily filled, despite the transition 
zone, and there were no meconium plugs encountered. 

It is interesting to note that prior reports of mecon- 
ium plug syndrome?*!3?! have described a similar 
roentgenographic appearance but in these instances the 
appearance of the small left colon was felt to be due to 
inspissated meconium and was considered unimportant 
in itself. 


Pathology 


Histologic examination of the colon of the patient 
K.M. revealed an increased ratio of small cells to 
multipolar ganglion cells, a situation which Favara? 
described in his original paper on this subject as char- 
acteristic of SLCS. He considers a normal ratio to be 
1/13 or less in cases of small left colon syndrome, 
the ratio is often as high as 1/21 to 1/25. In addition. 
both the right colon and the left colon showed an 


increased ratio in small cells to multipolar ganglion 
cells, in spite of the fact that the radiographic ap- 
pearance of the right colon is normal. 


Treatment 


There should be no need for surgical therapy of 
this condition because, if it is recognized early enough, 
both diagnosis and treatment can be accomplished with 
a water soluble contrast enema examination. The two 
cases which died in our series had both manifested 
signs and symptoms of intestinal obstruction for at least 
24 hours, thus giving a distended colon a chance to 
perforate, and they underline the fact that SLCS is not 
a benign disease. We, therefore, recommend that a 
water soluble contrast enema examination be done im- 
mediately in newborns who develop clinical findings 
of colon obstruction or fail to pass significant meconium 
within 24 hours. This is particularly critical in infants 
of diabetic mothers. In case 1 we found that repeated 
contrast enemas were necessary to relieve the obstruc- 


TABLE 2. Clinical Data on Patients with Small Left Colon Syndrome 











Patients 
R.M. M.G. K.M. PP: 
#1 #2 #3 #4 
Meconium No Minimal No No 
Abdominal distention Moderate Yes Yes Yes 
Abdominal film Dilated bowel Dilated bowel Mild dilatation Dilated bowel 
— normal 

Pneumo-peritoneum No Present Yes No Yes 
Contrast enema SLCS SLCS c perforation SLCS € perforation SLCS 


Surgical findings Not operated on 


Survival-normal 


Course 


Pathology — 


Multiple perforation 
Necrotic ileum 


Survival-normal 


Necrotic ileum 


Cecal perforation 


Sepsis CVS problems 
Death at 11 days 


SLCS 





Cecal perforation 


Died @ 48 hours- 
DIC 
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tive signs, and certainly this may be necessary in other 
children as well. 

We have used water soluble contrast media in the 
evaluation and management of SLCS in order to avoid 
the possibility of an unrecognized perforation with 
spillage of barium into the peritoneal cavity. It must 
be recognized, however, that barium is much more 
accurate in diagnosing aganglionosis and if signs and 
symptoms of obstruction persist after adequate evacu- 
ation of the colon, a follow-up examination using 
barium is essential to evaluate the possibility of long 
segment Hirschsprung's Disease. 

The treatment of this disease is nonsurgical, except 
when a pneumoperitoneum is present. In no instance 
is resection of involved colon necessary. 


Case Reports 


Case 1. R.M.: This one day old female was transferred to Pri- 
mary Children's Medical Center with a diagnosis of intestinal 
obstruction. She was born following a 39-40 week gestation and an 
uncomplicated pregnancy in a nondiabetic mother. The patient 
weighed 3,600 g at birth with an Apgar 8. She did not take oral 





Fic. 1. Generalized small and large bowel distention consistent with 
low intestinal obstruction. Note absence of air-fluid levels in this 
upright film. 
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Fic. 2. Contrast enema examination in SLCS showing transition 
.zone; the colon is smooth-walled and somewhat less redundant 
than normal. 


fluids well and did not pass a stool within the first 24 hours. An 
enema was given with the passage of a mucous plug but no further 
passage of meconium, and a repeat enema continued to show 
changes of the small left colon syndrome. Following the second 
enema, she began spontaneously to pass meconium stools with a 
compensatory decrease in her abdominal distention. On the third 
day, she was tolerating half strength formula with no difficulty and 
she was discharged on the fifth hospital day passing normal stools 
and tolerating a normal diet for age. A follow-up barium enema at 
age 6 weeks revealed an entirely normal colon. 

Case 2. K.M.: This 2,400 g female infant of an insulin dependent 
diabetic mother was transferred to Primary Children's Medical 
Center after an intestinal perforation was identified. She was the 
product of a 36 week gestation which was complicated by poly- 
hydramnios. 

Mild respiratory distress and cyanosis, felt to be secondary to 
hypoglycemic cardiomyopathy and persistent fetal circulation syn- 
drome, were initially present and were controlled by supportive 
medical measures. At 24 hours of age, the patient did not pass 
meconium and abdominal distention was noted. Small saline 
enemas were unsuccessful in relieving this condition. Roentgen 
examination of the abdomen at this time revealed a very mild dilata- 
tion of the cecum with the remainder of the intestinal gas pattern 
appearing normal. 

At 48 hours of age, a pneumoperitoneum was present on an 
abdominal film. A gastrografin enema performed at another hospital 
was reported to show a transition zone at the splenic flexure with e 
a proximal colon of larger caliber. Contrast medium entered the 


744 


peritoneal cavity from the cecum. A subsequent postoperative ab- 
dominal roentgenogram confirmed the splenic flexure transition 
zone. a 

Exploratory laparotomy confirmed the cecal perforation and a 
cecostomy was done. Attempts to control her chemical abnor- 
malities, cardiovascular problems and peritonitis were unsuc- 
cessful and the patient died of sepsis and disseminated intra- 
vascular coagulation at 11 days. 

Postmortem examination revealed candida abscesses of the liver, 
lung, and kidney and a large subarachnoid hemorrhage. Changes 
associated with maternal diabetes and the bowel perforation were 
also noted. Histological examination of the bowel was consistent 
with small left colon syndrome. 


Discussion 


Ueda et al.** have reported severe, long-lasting func- 
tional intestinal obstruction from such things as 
generalized sepsis, enteritis, adrenal insufficiency, 
hypothyroidism, and others. In each of these cases, 
however, the gastrointestinal tract was morphologi- 
cally normal and the process responded to conserva- 
tive therapy with antibiotics, where appropriate, and 
intravenous fluids. No pathophysiologic mechanism for 
these various types of functional intestinal obstruction 
has been worked out. Ueda speculates, however, 
that ""immaturity of ganglion cells" of the colon may 
be a causative mechanism. 

The meconium plug syndrome has been recognized 
for a number of years, but speculation about its 
etiology has always centered about the character of 
the meconium. In fact, the protein content of the 
meconium found in the meconium plug syndrome is 
higher than normal and it lacks a normal tryptic ac- 
tivity.? However, the disease has a number of radio- 
graphic similarities to SLCS; specifically, the transi- 
tion segment in meconium plug syndrome is always 
at the splenic flexure and frequently there are no air 
fluid levels.'* These characteristics differentiate both 
meconium plug syndrome and SLCS from Hirsch- 
sprung’s Disease. No histologic studies of the colons 
of babies with meconium plug syndrome have been 
done and the etiology of this problem remains obscure 
but there are undeniable similarities between the clin- 
ical and radiographic picture of meconium plug syn- 
drome and SLCS. 

The infant of the diabetic mother often presents 
with a characteristic picture of large size and cardio- 
vascular and neurological abnormalities." Recently, 
studies have been directed at endocrinologic or hu- 
moral abnormalities in these babies in an attempt to 
explain some of their clinical features. Spurling? has 
shown that the characteristic fall in blood glucose in 
the neonatal period was associated with a significant 
increase in glucagon concentration, and he speculated 
that spontaneous glucagon secretion may be an im- 
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portant factor in neonatal glucose homeostasis. Bloom 
and Johnston! found that 30 normal infants had a char- 
acteristic fall in glucose with a rise in glucagon, 
whereas 15 infants of diabetic mothers had a greater 
than normal rise in glucose levels and a smaller than 
normal rise in glucagon levels in the first two hours 
after birth. They question whether infants of diabetic 
mothers might have an impaired glucagon release lead- 
ing to failure of glycogenolysis or gluconeogenesis 
with consequent cardiovascular and metabolic abnor- 
malities. Others? however, have found that infants of 
diabetic mothers have elevated glucagon levels at the 
time of hypoglycemia, and that these levels are not 
suppressed by intravenous glucose. It is quite pos- 
sible that these different findings may be related to 
both the time at which the glucagon levels were 
drawn and the way in which the samples were pre- 
pared and stored because glucagon is readily de- 
stroyed by a proteolytic enzyme in the plasma. 
Gerich* demonstrated that intravenous epinephrine 
stimulated glucagon secretion in man, and it is well 
known that hypoglycemia produces both increased 
sympathetic and parasympathetic activity. Russell! 
demonstrated that section of the vagus nerve, spe- 
cifically the celiac branch, impairs pancreatic secre- 
tion of both glucagon and insulin, and infers from this 
that vagal stimulation produces glucagon secretion. 

Kock"! has clearly shown that glucagon inhibits 
jejunal and sigmoid motality in man and Hicks? demon- 
strated an increased mean jejunal transit time with 
diminished sodium chloride and water absorption after 
administration of glucagon. 

Philippart'* in an ingenious hypothesis has proposed 
that the Small Left Colon Syndrome is an intramural, 
not an intraluminal obstruction, caused by an in- 
creased glucagon secretion with a resultant inhibition 
of jejunal and sigmoid activity. This would explain the 
characteristic position of the transition zone in SLCS. 
It would also explain why as many as 40% of infants 
of diabetic mothers?? have radiographic evidence of 
SLCS, presumably because these babies have an ele- 
vated glucagon level. Philippart is presently studying 
the glucagon levels of infants with SLCS. Gleeson? 
presented corroborating evidence in the form of a pa- 
tient with glucagon secreting renal tumor who had 
constipation, abdominal distention, dilatation of the 
jejunum and a markedly increased intestinal transit 
time. He postulated that the intestinal abnormalities 
resulted from the glucagon itself because removal of 
the tumor caused intestinal function to return to nor- 
mal. 

We would expand these observations (Fig. 3) 
further by speculating that SLCS is a result of a neuro- 
humoral imbalance in which neonatal hypoglycemia 
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Fic. 3. Schema of possible mechanism for the development of Small 
Left Colon Syndrome. 


produces hyperglucagonemia and an increase in auto- 
nomic activity. The glucagon acts on an unrecognized 
receptor in the jejunum and the sigmoid colon to 
produce a reduction in motility of the bowel and a 
stasis of the meconium proximal to the areas. Pre- 
sumably, the immature ganglion cells are unable to 
respond to normal sympathetic stimulation, thereby 
compounding the ileus. This mechanism could produce 
SLCS in any child who has been stressed at birth, 
with a resultant hypoglycemia, as well as in infants 
of diabetic mothers. Its correction would seem to 
depend upon mechanically removing the obstruction, 
as by gastrografin enema, and correcting the hyper- 
glucagonemia by oral administration of glucose. In- 
travenous glucose does not seem to affect glucagon 
levels.!* 

A word of caution about the use of water soluble 
enemas, particularly gastrografin, is in order. The pres- 
ence of the detergent Tween 80 in gastrografin has 
been shown to be of considerable danger, indeed the 
possibility exists that perforation of the bowel may 
occur as a result of the action of the detergent. 
That this was not the case in at least one of our 
perforations is indicated by the fact that the perfor- 
ation occurred prior to the contrast enema examina- 
tion. While barium is a safer intraluminal material 
we still feel that the use of a water soluble con- 
trast agent such as Renografin or Hypaque is thera- 
peutic in that it facilitates the removal ofthe meconium. 
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Neutrophil Chemotaxis in Patients with Burns 


SENIH M. FIKRIG, M.D., SEUNG C. KARL, M.D., KAMALA SUNTHARALINGAM 


In a group of 22 patients with second and third degree burns, 
seven were found to have impaired chemotaxis. The chemo- 
tactic defect was present from two to 68 days and eventually 
became normal. The impairment was found to be due to a 
primary transient defect in polymorphonuclear leukocytes and 
not to an inhibitor or inactivator in the serum. 


ACTERIAL INFECTIONS AND SEPSIS still are the most 
dreaded complications of the traumatic insult 
sustained by severe thermal injuries and, in spite of the 
topical and systemic applications of a variety of anti- 
biotic regimens, they remain the leading cause of death. 
A number of conditions, such as disruption of the 
integrity of the skin, increased caloric requirement in 
the presence of decreased intake, loss of plasma, fluid 
and electrolytes, all contribute in various degrees to the 
establishment and dissemination of infection. The 
role of the host’s humoral! and cellular immunological 
defense mechanisms has recently been appreciated. 
Defective polymorphonuclear (PMN) killing? and 
chemotaxis?-? have been described and associated with 
the clinical status and ultimate outcome of the patients. 
The present study was undertaken to evaluate further 
PMN chemotactic function as a contributing factor in 
the host's defense against severe thermal injuries. 


Material and Methods 


Patients admitted to the Burn Unit with second and/ 
or third degree burns were included in the study. 
Blood was drawn into heparinized syringes and white 
blood cells were separated with a mixture of Metho- 
cel-Isopaque* and washed with tissue culture medium 
199 (TC-199). A final suspension of 2.5 x 10° PMN/ml 
in two per cent Bovine Albumin was made. Chemo- 
tactic factor was generated from sera of patients with 
burns as well as normal subjects by incubating 0.1 ml 
of sera with one milligram of Zymosan and then 
bringing up the total volume to one milliliter with 
TC-199.7 Chemotaxis was measured by a previously 
described modification of Boyden assay.7* In brief, 
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2.5 x 105 PMN in two per cent Bovine Albumin was 
placed in the upper compartment of the modified 
Boyden chambers and separated from the chemotac- 
tic agent by means of micropore filters (pore size of 5 
4). After three hours of incubation at 37° the chambers 
were disassembled, the filters separated, fixed and 
stained by routine histologic methods.? They were then 
examined under the microscope and final evaluation 
was made by taking the average counts in five random 
fields of the number of neutrophils found on the lower 
surface of the filter. Similar measurements were made 
in filters obtained from control chambers without 
chemotactic factors. Everytime the chemotaxis was 
tested, PMN cells from a normal control was in- 
cluded. The day to day variability between tests se- 
quentially in a single control ranged between five to 
1576. Qualitative nitroblue tetrazolium (NBT) reduc- 


tion was determined according to the previously de- 


scribed technic.? 


Results 


A total of 22 patients between the ages of 12-82 
years were examined. There were 16 males and six 
females. Twelve of the patients had second degree 
burns ranging from five to 35% of total body sur- 
face. Four patients were classified as only third 
degree burns (five to 15%) and the other six had com- 
bination of second and third degree burns (five to 30% 
second degree and 12.5 to 50% third degree). Twenty- 
one of the patients in this group recovered com- 
pletely with or without eventual skin grafting. Only 
one patient, a 24-year-old male with 30% second de- 
gree and 5096 third degree burns and inhalation in- 
jury died. 

A variety of bacteria —Pseudomonas aeruginosa, 
Staphylococcus aureus, multiple organisms, and fungi 
(candida) were grown from the burn lesions. Blood 
cultures were universally negative and none of the 
patients showed clinical signs of generalized sepsis. 


746 


Vol. 186 e No. 6 


NEUTROPHIL CHEMOTAXIS IN BURNS 74] 


TABLE 1. PMN Chemotaxis, Number of PMN/HPF — Mean + S.E. (Range) 




















TC-199 P| Zy/Cs* p Zy/Bsi p» ^ NBT$ p 
Burn Patients (15)* 3.8 + 0.4 (1-8) 94.7 + 10.9 (42-223) 92.2 + 11.2 (34-209) 32.8 + 17.5 (4-71) 
20.5 20.5 20.5 «0.001 
Normal Controls (32) 3.5 + 0.2 (1-6) 104.7 + 10.0 (30-289) 109.3 + 12.4 (48-187) 6.2 + 3.2 (2-10) 











* Number of subjects tested in parenthesis. 
+ Zymosan in pooled control sera. 

+ Zymosan in serum from burn patients. 

§ Percent of NBT positive PMN. 

| Paired sample student's t test. 


Patients received a variety of sedatives, topical and/ 
or systemic antibiotics, antipyretics and analgesics. 

Fifteen of the patients had normal PMN chemo- 
taxis. Ten of these had only second degree burns 
(two to 35%), three had third degree burns (five to 
15%) and two had a combination of second and third 
degree burns. The PMN chemotaxis in all of these pa- 
tients was initially within the normal range and re- 
mained so up to the time of their discharge. The 
chemotactic response of the PMN cells from these 
patients to the stimulus generated by the addition of 
Zymosan to a pool of normal sera was 94.7 + 10.9 
PMN/HPF (range 42-223) and compared favorably 
(p > 0.5) with the response of PMN's from normal con- 
trols 104.7 + 10 PMN/HPF (range 30-289). Similarly 
normal PMN's as well as PMN's from the above pa- 
tients were equally responsive to the stimulus generated 
by the addition of Zymosan to sera from subjects with 
burns. These results are summarized in Table 1. 

In contrast seven patients had abnormal PMN 
chemotaxis. Two of these patients had second degree 
burns (22% and 35% respectively), one had only third 
degree burns (five per cent), and the other four had 
mixed second and third degree burns. The abnormal 
PMN chemotaxis lasted from at least two to 68 days 
and eventually returned to values within the normal 
range. Only one patient who had severe skin burns and 
inhalation injury died two days after admission while 
his PMN chemotaxis was abnormal. These results are 
summarized in Table 2. 

The simple qualitative NBT test was initially found 
to have a higher (15-7196) than normal value (two 
to 1096) in all of the burn patients with chemotactic 
defect. The high NBT values correlated with the super- 
ficial infection of the skin in the burned areas and 
had no correlation with the PMN chemotactic find- 
ings. 


Discussion 


The immediate prevention and treatment of shock in 
patients with severe thermal injuries has reduced the 
initial mortality. However, mortality associated with 
severe infections due to the presence of gram nega- 


tive bacteria in the burn eschar and due to increased 
susceptibility to infections remains a major problem. It 
is at that point that the host's defense mechanisms 
may play a major role. The neutrophils from patients 
with severe burns have been found to be deficient in 
their ability to kill ingested bacteria’ as well as in their 
chemotactic responses.* While a unified explanation 
for these findings is not available, Edelson’s'' sugges- 
tion that the chemotactic abnormalities are membrane 
associated while killing defects involve specific 
metabolic pathways seem quite reasonable. 

The pathophysiology of decreased PMN chemotaxis 
remains to be elucidated. Sera from patients with 
various degree of burns did not contain chemotactic 
inactivators since their ability to generate Zymosan 


TABLE 2. Summary of Burn Patients with 
Abnormal PMN Chemotaxis 





Chemotaxis PMN/HPF 





—— Days After 
Patient %—Degree Burn TC-199 Zy/Cs Zy/Bs Burn NBT 
E.B. 22% —Second 3 3 5 2 37 
3 47 58 7 20 
L.S. 5%— Third 2 12 2 13 15 
1 2 3 28 N.D 
3 45 E] 35 33 
C.Mc. 26% — Second 4 19 7 16 N.D 
24%— Third 3 2 7 28 30 
4 4 36 19 
1 3 3 50 21 
3 21 28 68 12 
5 73 58 80 10 
W.P. 15% — Second 5 7 9 2 N.D. 
30% —Third 2 2 2 10 N.D 
2 2 3 17 56 
4 2 5 24 48 
2 12 5 31 60 
4 69 92 38 22 
P.C. 35% — Second 2 5 3 2 60 
1 2 6 4 40 
3 15 53 10 22 
W.D. 40% — Second 1 5 5 4 71 
20% — Third 1 3 3 15 30 
0 3 3 24 N.D 
5 53 29 38 24 
J.B. Skin & Inhalation 2 6 0 2 (died) N.D 
Controls (1-6) (30-289) (48-187) (2-10) 
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induced chemotactic activity was not different from 
that of normal pooled sera. Similarly the addition of 
"burn serum” to the upper compartment of the Boy- 
den's chamber did not inhibit the subsequent chemo- 
tactic migration of the PMN. Therefore, the abnormal 
chemotaxis is primarily a PMN defect. 

Yoshida" and his associates isolated a chemotactic 
factor from burned skin lesions and called it "'leuco- 
egressin". The factor can be produced in vitro and 
in vivo by the addition of neutral sulfhydryl dependent 
proteases from inflammatory tissue to the serum IgG. It 
is possible that after responding to an in vivo 
chemotactic agent the PMN cells become ‘‘de- 
activated" and fail to respond to further chemotactic 
stimuli in vitro. It is also possible that in vitro impair- 
ment of chemotaxis may follow in vivo phagocytosis 
of a variety of tissue particles following the thermal 
injury. The phagocytic process utilizes the limited 
energy resources of the cells? and may render them 
chemotactically inactive. The increased NBT values 
found in our patients may indicate increased phagocytic 
activity. However, not all patients with increased NBT 
values had decreased chemotaxis. 

Finally, Allgówer!^ and his colleagues isolated a 
specific toxic factor, "burn toxin" from the skin of 
burn patients. This factor was found to be harmful to 
cell wall membranes. It is possible that the "burn 
toxin" in limited amounts may induce membrane 
changes that may culminate in impaired chemotaxis 
and in more severe cases may cause phagocytic and 
killing defects. Whatever the pathophysiology may be, 
the development of PMN chemotactic defect may 
eventually lead to defects in host's resistance against 
infection and may contribute to causes of generalized 
sepsis. 
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Successful Renal Vein Reconstruction with Bovine 


Arterial Heterografts 


EVERETT K. SPEES, JR., M.D., COL MC, DAVID D. OAKES, M.D., MAJ MC, JIMMY A. LIGHT, M.D., LTC MC, 


Extensive damage to a short right renal vein complicated 
transplant surgery in two patients. The use of a segment of 
modified bovine arterial heterograft permitted successful trans- 
plantation in both cases. These results are in contrast to the 
reported inability of bovine arterial heterografts to remain 
patent elsewhere in the systemic venous system. 


HE MODIFIED BOVINE ARTERIAL GRAFT developed 

by Rosenberg” has been successfully utilized for 
arterial reconstruction and for establishment of 
vascular access for hemodialysis.*!?!5 Long-term 
patency has also been achieved using this material 
to create portal-systemic shunts for relief of portal 
hypertension.5'!! By contrast bovine grafts have been 
uniformly unsuccessful when interposed in the sys- 
temic venous system.':!? 

In the following cases use of a short segment of 
bovine heterograft permitted successful renal trans- 
plantation after extensive injury to the renal vein of 
the donor's kidney. The bovine heterograft was inter- 
posed between the renal vein of the donor and the 
common iliac vein of the recipient. The first patient, 
previously anephric, has had normal renal function 
for 36 months. The second patient had a patent renal 
vein and bovine heterograft segment 38 days after 
renal transplantation when the kidney was removed 
because of uncontrollable allograft rejection. 


Case Reports 


Case 1. This 55-year-old Caucasian female developed end-stage 
renal disease secondary to chronic pyelonephritis. She had under- 
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gone preliminary bilateral nephrectomy and splenectomy. Her 
donor was a 44-year-old sister who was HLA identical and MLC 
nonreactive. The donor was obese (160 cm, 64.5 kg). Radio- 
logic studies showed a single right and double left renal arteries. 
The pelvises of both kidneys were opposite the second lumbar 
vertebra. At operation the donor right kidney was removed, after 
obtaining maximal venous length and flushing the kidney with iced 
Sacks solution,’ and transplanted into the recipient left iliac fossa 
in standard fashion. The venous anastomosis was technically 
difficult because the donor renal vein was unusually short and 
friable. Upon release of the vascular clamps, brisk venous hemor- 
rhage occurred which could not be adequately controlled by ad- 
ditional interrupted sutures. The kidney was therefore removed, 
again flushed with iced Sacks solution, and taken to a back 
table for "workbench'"' repairs. The renal vein was found to be 
short, thin, friable, and badly lacerated, making a repeat end-to- 
side anastomosis impossible. After resecting the damaged portion of 
the renal vein, a segment of modified bovine arterial hetero- 
graft 8.5 mm in diameter and approximately three centimeters 
in length was anastomosed end-to-end with the renal vein, and 
end-to-side with the recipient common iliac vein using the previous 
venotomy (Fig. 1). After standard arterial anastomosis the vascular 
clamps were again removed, hemostasis was excellent, and urine 
output began within a few minutes. The patient's postoperative 
course was uncomplicated, and for the past 36 months the serum 
creatinine has averaged 1.2 mg per deciliter. 

Case 2. This 10-year-old 29 kg Black male presented with end 
stage renal disease presumably due to focal glomerulosclerosis. 
Preliminary recipient nephrectomy was not done. His 30-year-old 
maternal donor was obese (168 cm, 95 kg). Radiologic studies 
showed bilateral single renal arteries. The pelvises of both kidneys 
were opposite the first lumbar vertebrae. At operation the right 
kidney was removed and transplanted into his left iliac fossa. 
Donor nephrectomy was difficult because of multiple venous anom- 
alies, which resulted in a single, short, friable right renal vein, 
located low in the hilum. Venous anastomosis was further com- 
plicated by the kidney's large size relative to the recipient's 
iliac fossa, making adequate exposure without tension on the vein 
difficult. After completing both anastomoses and removing the 
vascular clamps, the venous suture line was found to be tech- 
nically unsatisfactory. Since hemostasis could not be secured with 
the allograft in situ, it was removed and again cooled with in- 
tra-arterial Sacks solution. Inspection revealed an extensive lacera- . 
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Fic. 1. Schematic drawing of the final anatomical relationships 
after completion of procedure described in the text. The upper 
vascular anastomosis is an end-to-end union of the renal artery and 
hypogastric artery. The lower anastomosis is an end-to-end union 
of the renal vein to an interposed segment of bovine arterial 
heterograft, which is then anastomosed end-to-side to the common 
iliac vein. 


tion involving much of the anterior venous wall. Satisfactory re- 
construction was achieved using a three centimeters, seven milli- 
meters internal diameter segment of modified bovine arterial hetero- 
graft as illustrated in Case 1. After reanastomosis, hemostasis 
was satisfactory. The kidney developed good turgor and color 
immediately and made a small amount of urine. A one hour renal 
biopsy was normal. Postoperatively there was a period of renal dys- 
function, requiring hemodialysis for two weeks. On the twenty- 
fifth postoperative day the serum creatinine was 1.2 mg per deciliter 
and a renal scan and renogram were normal. Four days later the 
patient developed fever, oliguria, proteinuria, and hypertension 
which failed to resolve despite conventional antirejection therapy. 
Renal biopsy revealed a mononuclear cellular infiltrate, consistent 
with allograft rejection. An arteriogram showed no evidence of 
arterial stenosis or venous obstruction. There was progressive 
loss of renal function. On the thirty-eighth postoperative day, 
urgent transplant nephrectomy was required because of persistent 
fever, hypertension, and graft tenderness. Gross and microscopic 
findings were those of allograft rejection. The renal vein and bovine 
heterograft segment were patent. The patient has resumed main- 
tenance hemodialysis, and is a candidate for a second renal allo- 


"^ graft. 


SPEES AND OTHERS 
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Discussion 


Venous complications have been reported in as many 
as 18% of patients undergoing renal transplantation.? 
Venous hemorrhage. renal vein thrombosis, and ilio- 
femoral thrombophlebitis and pulmonary emboli can 
each contribute to decreased graft and patient survival. 
These complications are less likely to occur when the 
donor vein is of sufficient length to permit end-to-side 
anastomosis to the iliac vein without tension or angula- 
tion. 

The renal vein may be damaged during donor 
nephrectomy, or, as in our case, during a technically 
difficult anastomosis." Such damage is more serious 
when the right kidney is being transplanted because 
the right renal vein is shorter than the left. For 
this reason we prefer to use the left kidney when- 
ever possible. In Case 1, however, there was a double 
renal artery on the left side. In Case 2 we chose 
the right kidney because the donor was a female of 
childbearing age. and there is a reported slightly 
increased risk of ureteric obstruction by a dilated 
right ovarian vein during pregnancy.” Both donors 
had a short and obese body habitus, as well as abnor- 
mally high right kidneys. According to Emmett and 
Witten,* the right kidney is usually two centimeters 
lower than the left. The high right kidney and body 
habitus may suggest an abnormal venous morphology. 
In addition, venous anomalies of the right renal 
veins are more common than the left (28% vs 30€). *5 

Attempts to join a renal vein of inadequate length to 
the side of the iliac vein will likely result in an anas- 
tomosis which is angulated or under tension. This will 
predispose to hemorrhage. thrombosis, and partial 
compression of the iliac vein. When faced with this 
situation, the surgeon must either abandon attempts at 
transplantation and discard the kidney, or somehow 
reconstruct the short, damaged renal vein. Synthetic 
vascular prostheses have a high failure rate in the 
venous system.'? An autologous saphenous vein graft 
may be used,’ but removal of the vein could in- 
volve makeshift modification of the sterile draping. 
thus increasing the risk of infection. Moreover the 
saphenous vein may have been previously utilized 
for creation of vascular access for hemodialysis, or 
it may be of inadequate size. By contrast, the modi- 
fied bovine arterial heterograft is readily available in 
various diameters up to ten millimeters."? 

To minimize ischemic damage, it is essential to 
recool the kidney after failure of initial revasculariza- 
tion. The donor kidney is further protected by keep- 
ing it immersed in a basin of chilled perfusate solu- 
tion while the bovine arterial heterograft anastomosis 
is performed, using optical lens magnification and 
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microsvascular technique. Even using this precaution, 
Case 2 demonstrated transient renal dysfunction. We 
believe that the high flow rate through the renal 
vein probably helped maintain the patency here in 
contrast to lower flow venous systems.?* This patient 
must be followed carefully, however, since late failures 
have been reported in bovine heterografts implanted 
elsewhere in the venous system.':191* 

Renal vein damage during transplantation is a serious 
complication which is best avoided by careful tech- 
nique. When it occurs, the surgeon may still achieve 
a satisfactory result by interposing a short segment of 
modified bovine arterial heterograft between the re- 
maining renal vein and the iliac vein of the recipient. 


Addendum 


Since this report was submitted we have learned of two additional 
cases in which an autologous saphenous vein was used to extend a 
damaged renal vein. In one of the cases the renal vein was present 
after transplantation of the right kidney. In the other case the renal 
vein was damaged during thrombectomy for thrombosis due to 
compromised renal artery inflow. Both cases were successfully man- 
aged by the use of an interposed saphenous vein segment. (Corry, 
R. J. and Thompson, J. S.: Renal Transplantation Case Histories, 
New York, Medical Examination Publishing Company. 1977, pp 
76, 92.) 
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Heparin Induced Thrombocytopenia: 


Eight Cases with Thrombotic-Hemorrhagic Complications 


GLEN R. RHODES, M.D.,* R. H. DIXON, M.D.,t DONALD SILVER, M.D.t 


Increased heparin tolerance and recurrent thromboembolism 
which included myocardial infarction (3 patients), pulmonary 
embolism (2 patients) and complete aorto-iliac occlusion (2 
patients), heralded the development of thrombocytopenia 
between the eighth and twelfth day of heparin therapy in 
six women and two men. The thrombocytopenia persisted 
until heparin was discontinued. Bleeding (cerebral hemor- 
rhage) was the initial complication in one patients and occurred 
in conjunction with thrombotic complications in four other 
patients. Agglutination absorption testing in one and comple- 
ment fixation testing in five patients suggested the presence of 
heparin dependent antiplatelet antibodies. After platelet 
recovery, four of the eight patients responded to parenteral 
heparin rechallenge with rapid decreases in their platelet 
counts. The early recognition of the syndrome with cessation 
of heparin therapy is imperative for the successful manage- 
ment of afflicted patients. 


EPARIN REMAINS THE PREFERRED anticoagulant 
H for most thromboembolic disorders. The major 
complication of heparin therapy has been bleeding, 
usually from excessive dosage. Additional complica- 
tions include anaphylaxis,?''? skin necrosis," thrombo- 
cytopenia,*"' and even potentiation of arterial throm- 
bosis.?123 

This report summarizes our experience with eight 
patients with an unusual complication of heparin, i.e. 
heparin induced thrombocytopenia. The delayed, pro- 
nounced thrombocytopenia was associated with major 
thrombotic and hemorrhagic complications. Dis- 
continuance of heparin was mandatory for the suc- 
cessful management of these patients. Drug rechal- 
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lenge, and agglutination and complement fixation 
studies indicated that the complication was related to 
the development of a heparin dependent antiplatelet 
antibody. 


Methods 


The method of Brecher and Cronkite was utilized 
to do duplicate platelet counts of duplicate samples. 
In vitro platelet agglutination and absorption tests 
performed on patient G. R. has been previously re- 
ported.!? 

The method of Shulman was utilized to test the com- 
plement fixation characteristics of the sera from the 
patients.? Diluted serum was heated to 56? for 30 
minutes to inactivate complement. 

Antiplatelet antibodies were quantitated with a pre- 
viously described complement lysis inhibition assay 
for measuring platelet surface IgG.* The method per- 
mits reproducible assays of 0.05 x 10? g of IgG per 
platelet and is applicable to low platelet counts. The 
normal platelet contains less than 0.4 x 10 g IgG on 
its surface. 

Coagulation studies included measuring the fibrino- 
gen concentrations, prothrombin times, fibrin split 
products? and euglobulin lysis times. 

Anticoagulation was performed with bovine and por- 
cine heparin in the first patient. Bovine heparin was 
employed in the last seven patients. 

Three patients were rechallenged with heparin 
after their platelet counts had returned to normal levels. 
Sixteen thousand to 20,000 units of heparin were 
given intravenously in six divided doses over a 24- 
hour period. 
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Case Reports 


Patient M.B. This 69-year-old Negro was admitted for evalua- 
tion of syncopal episodes and shortness of breath. Two months 
prior she had received radiation therapy for adenocarcinoma of 
the endometrium and one month prior had had a total abdominal 
hysterectomy and bilateral salpingo-oophorectomy. 

A chest x-ray demonstrated bilateral basilar atelectasis and an 
infiltrate in the right middle lobe. A lung scan demonstrated mas- 
sive perfusion defects in the left upper lung field and in the right 
middle lobe. Her platelets were noted to be "adequate" in number. 

The patient was anticoagulated with intravenous heparin with 
the daily amount varying between 36,000 and 54,000 units. Rectal 
bleeding began nine days after heparin was begun. On the tenth 
day of heparin therapy she was found to have 5,000 platelets/mm?. 
The rectal bleeding continued and the heparin was discontinued. 
The fibrinogen concentration, thrombin time, PTT, and PT were 
normal. A bone marrow aspirate demonstrated abundant megakaryo- 
cytes. The platelet count increased to 175,000/mm* within 48 
hours after the heparin was discontinued. 

Eight days later, a pulmonary arteriogram demonstrated massive 
bilateral pulmonary embolism. The pulmonary arterial pressure 
was 80/16 mm Hg. Heparin therapy was reinstituted. The platelet 
count declined in the ensuing 36 hours, from 175,000 to 50,000/mm?. 
Heparin was discontinued and the platelets increased to 225,000/mm? 
at the time of discharge two weeks later. Following the second 
episode of presumed heparin induced thrombocytopenia, the pa- 
tient was treated with 500 ml of low molecular weight dextran 
daily for three days, as well as aspirin and dipyridamole. She 
was discharged on aspirin, dipyridamole and warfarin and has 
done well without further thromboembolic complications. 

Patient L.H. This 56-year-old Caucasian female was admitted 
for treatment of thrombophlebitis of her right greater saphenous 
system. Her platelets were noted to be "adequate" on the pe- 
ripheral blood smear. Urinalysis, chest x-ray and electrocardiogram 
were unremarkable. 

She received 24,000 to 30,000 units of heparin, intravenously, 
daily for 18 days. The patient complained of chest and back dis- 
comfort on the ninth day. Electrocardiographic changes of an acute 
myocardial infarction were noted on the twelfth day. Two days later 
she was found to have a blue, discolored right foot, absent right 
popliteal and dorsal pedal pulses, and a barely palpable right 
posterior tibial pulse. The platelet count on the fifteenth day was 
17,000/mm*. 

Because of the myocardial infarction and probable embolic 
episode to the right foot, the patient was thought to have de- 
veloped a heparin induced thrombocytopenia with thrombotic 
complications. The heparin was discontinued and warfarin insti- 
tuted on the eighteenth day. Within three days the platelets had 
increased to 150,000/mm?; by five to 290,000/mm* and by seven 
days to 500,000/mm?. The patient was maintained on warfarin 
and aspirin until discharge. 

Patient H.L. This 52-year-old, obese, Caucasian female with 
menorrhagia was admitted for an elective, abdominal hysterectomy. 
The number of platelets was "adequate". Urinalysis, serum elec- 
trolytes, and chest x-ray were unremarkable. The electrocardio- 
gram contained nondiagnostic Q's in 2,3,AVF and nonspecific 
T-wave changes. 

During the first postoperative day she complained of mild 
shortness of breath and was found to have tachypnea and tachy- 
cardia. A lung scan performed the next day demonstrated multiple 
perfusion defects "compatible with pulmonary embolism.” 

The patient was treated with intravenous heparin. Forty-eight 
thousand to 75,000 units of heparin were required each day to main- 
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tain her clotting time between 30—60 minutes. A repeat lung scan 
on the tenth postoperative day demonstrated an increase of the 
perfusion deficits. Her peripheral blood smear showed a decrease 
in the number of platelets. Twenty-three thousand platelets/mm? 
were present on the twelfth postoperative day. The platelet count 
remained between 30,000 to 40,000/mm? during the subsequent 
seven days. 

Incisional bleeding occurred with the development of a sig- 
nificant hematoma of her wound. Heparin was stopped on the 
seventeenth postoperative day and she was anticoagulated with 
warfarin, aspirin and dipyridamole. Her platelets began to increase 
immediately and by the twenty-first postoperative day were 
265,000/mm?. She was discharged two months postoperatively 
on warfarin, aspirin and dipyridamole. 

Patient L.M. This obese 59-year-old Indian female was admitted 
for a prosthetic replacement of her right knee. She had had an 
appendectomy and cholecystectomy in the past. 

After the replacement of her knee, she received three thousand 
units of heparin every six hours, subcutaneously, for thrombosis 
prophylaxis. The clotting times did not exceed 13 minutes for the 
first eight postoperative days. 

On the eighth day of heparin therapy an aorto-iliac thromboses 
occurred and an aorto-ilio-femoral thrombectomy was done. Her 
platelet count on the eighth day of heparin therapy was 53,000/mm?. 
During the next two days, two additional right femoral thrombec- 
tomies for rethrombosis were required even though she was re- 
ceiving 1,000—15,000 units of heparin intravenously per hour. Her 
platelet count remained between 20,000—30,000/mm?. Her leg 
remained ischemic. Heparin was discontinued on the eighteenth 
postoperative day and warfarin was begun. A below knee amputa- 
tion was performed on the twenty-second postoperative day. Her 
platelet count increased to 275,000/mm? three days after dis- 
continuance of heparin and to 455,000/mm? within seven days. 
Coagulation tests were unremarkable except for the thrombo- 
cytopenia. Thromboembolic and/or bleeding episodes did not 
occur after the heparin was discontinued. 

She was readmitted two months after the heparin was dis- 
continued and underwent a positive, but uncomplicated, 24 hour 
heparin challenge during which her platelet count decreased from 
400,000 to 200,000/mm? in the first few hours of infusion and re- 
turned to 325,000/mm? by 36 hours after the heparin was dis- 
continued. 

Patient A.P. This 47-year-old Caucasian female was admitted 
for a lumbar fusion. She received 9,000 to 12,000 units of heparin, 
subcutaneously, daily for the first ten postoperative days as 
prophylaxis against thrombosis. Her clotting times remained 
less than ten minutes. On the eleventh postoperative day she 
developed lethargy and left sided weakness. A right temporal mass 
was demonstrated by arteriography and a right temporal hematoma 
was evacuated. Twenty-four hours later an aterior temporal 
lobectomy with removal of the bone flap was required. 

Two days later she had 37,500 platelets/mm?. Her bone marrow 
contained a normal number of normal appearing megakaryocytes. 
Her platelets increased to 70,000/mm? within 24 hours and 
120,000/mm? within 48 hours after the heparin was discontinued 
and remained in the 240,000 to 270,000/mm? range thereafter. 
Coagulation studies were normal. She has had no additional 
hemorrhagic or thromboembolic complications. 

Patient G.R. This 44-year-old massively obese Caucasian male 
was admitted with complaints of fever, shortness of breath, 
nausea and diffuse aching pains. He had suffered a third degree 
burn of the right leg 22 years previously. Three years prior to 
admission he had sustained multiple fractures of the right tibia 
and fibula and of the hip and pelvis. 
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TABLE |. 
Heparin Doses* 

Indication Clotting 
Patient Age Sex for Heparin Days 1-4 Days 5-12 Times 
M.B 69 F Pulmonary Embolism 24,000 36—54.000 25-30' 
L.H. 56 F Thrombophlebitis 24- 30.000 30.000 20° 
H.L. 52 E Pulmonary Embolism 40—60,000 60-75.000 30-60' 
L.M. 5I F Prophylaxis 9—- 12.000 12.000 15" 
A.P. 46 F Prophylaxis 12,000 12.000 13’ 
G.R. 44 M Thrombophlebitis 30—-50,000 50—72.000 10' 
H.R. 58 F Arterial Thrombosis 24-32,000 16-29,000 19' 
ES: 50 M Pulmonary Embolism 45,000 45-70.000 26' 





* U.S.P. units per 24 hours. 


He had mild respiratory distress. His right calf was warm, tender 
and erythematous, and had several small ulcerations. The chest 
x-ray, electrocardiogram, and urinalysis were normal. His platelets 
were "adequate" in number. 

A lung scan was suggestive of pulmonary embolism. He was 
treated with intravenous heparin. His clotting times remained 
less than ten minutes while he received 50,000 to 72,000 units of 
heparin daily. 

An anterior myocardial infarction occurred on the eighth hospi- 
tal day. Generalized petechiae were noted and his platelets num- 
bered 14,000/mm? on the next day. His platelets remained at 
10,000 to 14,000/mm? during the succeeding four days. Heparin 
was continued at 25,000 to 48,000 units daily. The clotting times 
remained less than 12 minutes. Heparin was finally discontinued 
on the sixteenth day of treatment and the number of platelets 
rapidly returned to normal. 

Twelve days after the heparin was discontinued, he was chal- 
lenged with a 24 hour heparin infusion. His platelets decreased 
from 350.000 to 120,000/mm? during the challenge but returned to 
260,000/mm? by the time of his discharge three days after the 
challenge. 

Patient H.R. This obese, 58-year-old, insulin dependent diabetic 
was admitted for evaluation of an ischemic left lower extremity. 
Her vital signs were: temperature 37.5°; pulse 96 and irregularly 
irregular; respirations 18; and blood pressure of 184/112 mm of 
mercury. Examination of the heart demonstrated an irregular 
rhythm but no murmurs or gallops. The right femoral pulse was 
diminished. There were no pulses in the pale and cool left lower 
extremity. 

Her fasting blood sugar was 357 mg%. An "adequate" number 
of platelets were seen on her peripheral blood smear. Her electro- 
cardiogram demonstrated atrial fibrillation. 

Arteriograms revealed occlusion of the origin of the left common 
iliac artery with complete occlusion of the left profunda artery 
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at its origin. There was embolic occlusion of the left superficial 
femoral artery in the adductor canal. 

During the first eight days of hospitalization, she received 
20,000—30,000 units of heparin intravenously each day. During the 
first six days of hospitalization, right and left femoral embolec- 
tomies were done. However, pedal pulses were not restored. 
Two days after the second embolectomy she became aphasic and 
demonstrated right upper extremity weakness. On the eighth to 
eleventh days after admission, increased doses of 60,000 to 70,000 
units of heparin a day were needed to obtain therapeutic levels of 
anticoagulation. Twelve days following admission the patient was 
found to have a platelet count of 40,000/mm? with normal coagula- 
tion studies. 

Because the platelet count remained low, heparin was stopped 
on the fourteenth day of treatment and warfarin and aspirin were 
begun. The platelet count rose to 517,000/mm? during the next five 
days. Ten days later the patient had a right above knee and a left 
below knee amputation for gangrenous changes of her lower 
extremities. 

She was maintained on warfarin, aspirin, and dipyridamole 
without additional thromboembolic events. However, she developed 
severe pulmonary insufficiency and a persistent urinary tract in- 
fection which did not respond to therapy and she expired. 
Permission for an autopsy was refused. 

Patient E.S. This 50 year old farmer was admitted to his local 
hospital with acute thrombophlebitis of the left lower extremity 
and symptoms of pulmonary embolism. He was treated with 
warfarin and ligation of the left femoral vein. Recurrent embolism, 
and electrocardiographic changes of diaphragmatic ischemia 
prompted his transfer to the Duke University Medical Center. 

Dyspnea, peripheral cyanosis, tachycardia, and tenderness and 
swelling of the entire left lower extremity were noted at the time of 
admission. Platelets were "adequate." A chest x-ray demon- 
strated infiltrates in the left basilar and both hilar regions. 

The patient received 45,000 to 57,000 units of heparin intra- 
venously each day for nine days. On the tenth hospital day, an 
acute anterolateral myocardial infarction occurred. Right heart 
catheterization demonstrated recurrent embolism and pulmonary 
arterial hypertension. At this time platelets were decreased on the 
peripheral smear and the clotting time was 15 minutes. Although 
heparin was increased from 51,000 to 70,000 units per day, the 
clotting times remained in the 24 minute range and additional 
symptoms of embolization occurred. On the fourteenth hospital 
day. his platelets were 15,000/mm?. Megakaryocytosis was noted 
in a sample of sternal marrow. 

The inferior vena cava was safely ligated on the twenty-second 
hospital day. His platelets remained at 40,000 to 50,000/mm? 
while he received 20,000 units of heparin daily from the twenty- 
fourth to the twenty-sixth hospital day. 








TABLE 2. 
Date of Complicating 
Event/Date of Earliest Minimum Duration of Maximum Recovery 
Admission Platelet Count Platelet Platelet Recovery Platelet Count 

Patient Platelets (Days) Count/mm? (Days)* (mm?) Bone Marrow 
M.B adequate 9/10 5.000 3 185,000 Tmega karyocytes 
L.H adequate 12/15 17,000 2 425,000 — 
HL adequate 10/12 23,000 4 400,000 — 
L.M adequate 8 54,000 2 455,000 — 
A.P adequate 11/14 30,000 3 260,000 tmega karyocytes 
G.R adequate 8/9 14,000 3 350,000 mega karyocytes 
H.R adequate 12 40,000 2 760,000 mega karyocytes 
E.S adequate 10/14 15,000 3 420,000 {mega karyocytes 








* Time required to reach a platelet count of 100,000/mm? or greater after discontinuing heparin. 
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TABLE 3. 

Fibrinogen FSP Prothrombin Lysis time 
Patient mg% ug% Patient/Control (hours) 
M.B. 275-300 25-100 1.2-1.4 — 
LH: 200—300 «25 1].2-2.5* 224 
HL. 275-345 — (2.5-1.5)* 24 
L.M. 295—360 «25 1.0- 1.1 22-30 
A.P. 200 «25 1.1-1.4 >24 
GR: 200-250 <25 1-1.3 6->104 
ES: 400-650 25-100 1.1-1.3 >24 





* High ratio from Coumadin. 
+ Elevated ratios from 50—75,000 units heparin daily. 


Upon discontinuing heparin on the twenty-eighth hospital day the 
platelet count rapidly returned to normal. During a 24 hour 
intravenous heparin challenge fifteen days later his platelets fell 
from 420,000/mm? to 160,000/mm?. The platelets returned to 
250,000/mm? within 48 hours after discontinuing the heparin in- 
fusion. Four months later he was readmitted and received heparin 
intravenously for five days without any change in the number of his 
platelets. Intradermal and patch tests for heparin and other allergens 
were also applied. He did not experience any cutaneous, ana- 
phylactic or serum sickness reactions to the heparin. 


Results 


Characteristics of the patients are summarized in 
Table 1. The age varied from 44 to 69 years. Six of the 
eight patients were female and seven were Caucasian. 
Three patients were admitted for elective procedures; 
the others were admitted for treatment of venous and/or 
arterial thromboembolism. Except for one patient with 
diabetes mellitus and one patient with iron deficiency 
anemia, there were no lipid or metabolic disorders, 
previous heparin exposure, allergies, unusual drugs 
ingested, or other hematological disorders. 

At the time that thrombocytopenia was detected, all 
patients were undergoing treatment with intravenous 
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heparin for thromboembolic disorders (six patients) or 
with subcutaneous heparin for prophylaxis against 
postoperative thrombosis (two patients). The heparin 
doses varied from 9,000 units subcutaneously daily 
to 75.000 units intravenously daily. Clotting times re- 
mained less than 26 minutes in six patients even 
when they received large doses of heparin. 

Between the eighth and twelfth day of heparin 
therapy, frequently after an interim period of in- 
creased heparin requirements, thrombohemorrhagic 
complications occurred in all patients. Myocardial 
infarction (three patients), recurrent pulmonary em- 
bolism (two patients), aorto-iliac occlusion (two pa- 
tients), and intra-cerebral hematoma (one patient) 
occurred without warning and were associated with 
platelet counts that varied from 5,000 to 54,000/mm?, 
with a mean count of 25,000/mm? (Table 2). Follow- 
ing the discontinuance of heparin, the platelets in- 
creased to 100,000/mm? or more in two to four days 
and "stabilized" at 175,000—400,000/mm?. Bone mar- 
row aspirates obtained from five patients during their 
episodes of thrombocytopenia contained normal or 
increased numbers of megakaryocytes. 

Coagulation testing documented normal parameters: 
fibrinogen concentrations between 200 to 300 mg per 
cent; prothrombin ratios of less than 1.5 (patient/ 
control) except when warfarin was employed; normal 
or prolonged euglobulin lysis times; and normal fibrin 
split product concentrations in the patients with arterial 
thromboemboli (Table 3). 

Surgical intervention was required in three of the 
seven patients (Table 4). The five embolectomies in 
both patients with aorto-iliac thromboses failed and am- 
putations were required in both cases. Heparin was 
administered before, during, and after all embolec- 

















TABLE 4. . 
Principle Hospital Complications Positive Complement 
Thrombohemorrhagic Stay or Agglutination 
Patient Event (Days) Bleeding Other Survival Testing 
M.B. Recurrent pulmonary 47 Rectal bleeding — yes yes 
emboli 
L.H: Myocardial infarction 26 Skin necrosis yes yes 
H.L Recurrent pulmonary 61 Multiple hematomas, Wound infection yes no 
emboli volar interosseus 
compression 
L.M. Aorto-iliac occlusion 54 Wound hemorrhage Rt. BK amputation yes yes 
A.P Intracerebral hematoma 65 Intracerebral Hemiplegia, aphasia, yes no 
hemorrhage pneumonia 
G.R: Myocardial infarction 42 — Tachycardias yes yes 
H.R. Right cerebrovascular 83 — Hemiplegia, bilateral no* yes 
accident, aorto-iliac AK amputations 
thrombosis 
E.S Myocardial infarction 51 Melena, echymosis Mild congestive no* yes 


failure 





* Died of sepsis in hospital. 


* Died 18 months after discharge of cerebrovascular accident; no autopsy performed. 
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TABLE 5. 
Platelet Complement 
Antibody* Fixation? 
With Without With Without 
Patient Heparin Heparin Heparin Heparin 
M.B (IgM) (IgMz) 10 2 
L.H 3:5 41 2.5 
L.M .89 .40 1:5 
G.R iS 31 3 
H.R he? 20 2 





* As picograms of IgG/platelet. 
* As CH; units fixed to platelets. 
t Antibody localized to IgM fraction. 


tomies. Myocardial infarction was thought to have 
been precipitated by recurrent pulmonary embolism in 
one patient. In another patient myocardial infarction 
resulted in tachyarrhythmias which have been recur- 
rent and symptomatic. The one major bleed resulted 
in an intracerebral hematoma that required an emer- 
gency craniotomy and right temporal lobe resection. 
This patient has a persistent hemiparesis and asphasia. 
Less severe bleeding complications occurred, in four 
patients, usually when platelet counts remained less 
than 20,000/mm for several days. 

The patients were treated with aspirin, warfarin, 
and dipyridamole for the thrombotic complications. 
Vitamin K, prothrombin complex (Konyne?), and 
platelet transfusions were utilized to treat the intra- 
cerebral bleeding. 
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Only discontinuance of heparin appeared to pre- 
vent the recurrence of complications. The hospital 
stays ranged from 26 to 83 days with a mean of 54 days. 
There was one in-hospital death and one late death 
(Table 4). 

Heparin dependent antiplatelet antibodies were de- 
tected in sera obtained, during the time of thrombo- 
cytopenia, from six of the eight patients. An IgG- 
heparin dependent antiplatelet antibody was detected 
in the serum of four patients by the complement lysis 
inhibition test (8) (Table 5). In these instances, IgG 
and complement fixation to the platelet surface oc- 
curred only in the presence of heparin and fixation 
appeared related to the concentration of heparin in the 
reaction mixture. The antibody activity was localized 
to the IgM fraction in a fifth patient (M.B.). 

The relation of heparin antiplatelet antibody titers, 
expressed as picogram IgG per platelet, to platelet 
counts for patient G.R. is illustrated in Figure 1. The 
greatest increases of antibody occurred when the plate- 
let count was most severely depressed. 

The antiplatelet antibody was demonstrated in the 
sixth patient (E.S.) by aggregation and agglutination 
absorption tests.'? Large clumps of platelets occurred 
when normal platelet rich plasma was added to a mix- 
ture of the patient's serum and heparin. No clumping 
occurred when normal platelets were added to normal 
serum without heparin. Only slight clumping was ob- 
served when heparin was added to a normal platelet 
and normal serum mixture. The degree of platelet 
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clumping induced by the serum of patient E.S. was 
markedly decreased by prior absorption of the patients’ 
sera with a platelet heparin mixture. These findings 
- support the impression of the presence of a serum 
agglutinin that functioned primarily in the presence of 
platelets and heparin. 

The two patients, A.P. and E.S., in whom heparin 
dependent antiplatelet antibodies were not demon- 
strated, had clinical courses and coagulation changes 
that were identical to those observed in the other pa- 
tients. 

Three patients (L.M., G.R. and E.S.) received a 24 
hour heparin infusion twelve days to two months after 
their recovery from the initial exposure to heparin. 
Their platelet counts were significantly reduced 
(400,000 to 200,000/mm?, 350,000 to 120,000/mm?, 
and 420,000 to 160,000/mm?, respectively) during the 
infusion with the mean reduction being approximately 
197,000/mm?. Their platelet counts returned to 250,000/ 
mm? or greater within 48 hours after the heparin 
infusion. The platelet count decreased from 175,000 
to 50,000/mm? in patient M.B. when heparin was re- 
instituted eight days after it had been discontinued. 
The heparin was discontinued and the platelets re- 
turned to 225,000/mm? by the time of discharge two 
weeks later. Patient G.S. received a five day heparin 
infusion four months after his first heparin infusion. 
This time there was no decrease in the number of his 
platelets. 


Discussion 


Bleeding remains the most common complication of 
heparin therapy. Other undesirable effects of heparin 
therapy include hypersensitivity," anaphylaxis,*!? 

- thrombocytopenia,?!! and potentiation of arterial 
thrombosis.??? Heparin induced thrombocytopenia 
has been attributed to heparin impurities'® and/or to 
temporary sequestration of platelets in the vascular 
tree. 

In 1973, Currie et al. published a case of heparin 
hypersensitivity associated with a precipitating anti- 
body to bovine but not porcine heparin.? Also in 1973 
the authors reported two cases of heparin induced 
thrombocytopenia with thrombotic and hemorrhagic 
complications and suggested that a heparin dependent 
antibody was responsible for the syndrome.?? Six 
other patients with heparin induced "immune" 
thrombocytopenia have recently been described.?:!? 
This report presents eight patients (six new and the 
two original patients) with this disorder. The finding 
that six of the eight patients were women is in keeping 
with the greater female incidence of thrombocytopenia 
associated with disorders such as idiopathic thrombo- 
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cytopenic, posttransfusion purpura and thrombotic 
thrombocytopenic purpura. 

The thrombocytopenia usually occurred between 
the eighth and twelfth day of heparin therapy. Drug 
induced thrombocytopenia is known to develop after a 
variable latent period of drug exposure but the rela- 
tively well defined latency period in this group ap- 
pears somewhat unusual. The major features of the 
heparin induced thrombocytopenia are: 1) increased 
heparin tolerance; 2) recurrent myocardial, cerebral, 
pulmonary and/or peripheral arterial thromboembo- 
lism; 3) thrombocytopenia with platelet counts as low 
as 5,000/mm?; and 4) improvement of the thrombo- 
cytopenia following discontinuance of heparin therapy. 

None of the individuals had received heparin prior 
to their illness. As is characteristic of drug induced 
thrombocytopenia, there was no relationship be- 
tween the amount of heparin administered and the 
severity of thrombocytopenia. 

Heparin is generally considered to be a relatively 
impotent antigen. However, the complement fixation 
and antibody binding by platelets studies demon- 
strated a heparin dependent antiplatelet antibody in 
six of our eight patients. The heparin probably acted 
like a hapten and may have: 1) combined with platelets 
to form a drug-platelet combination, a carrier-hapten 
antigen, which stimulated antibody formation. This 
mechanism is similar to that responsible for the 
thrombocytopenia which occurs after apronal ad- 
ministration;! or 2) combined with a plasma protein 
"carrier" to form the antigen. The heparin-carrier 
antigen induced antibody could complex with a com- 
ponent of the platelet membrane with the platelets 
being destroyed as "innocent bystanders.’’® 

Ackroyd has stated that in almost all cases of 
thrombocytopenic purpura due to drug hypersensi- 
tivity "so far investigated, the addition of the drug 
to the patient's plasma, after recovery, has caused 
platelet agglutination, and sometimes also, platelet 
lysis." Platelet aggregation occurred whenever nor- 
mal platelet-rich plasma and heparin were combined 
with the serum from one of the patients included in 
this study. 

Neither the coagulation data nor the clinical courses 
suggested syndromes such as consumption coagulop- 
athy, idiopathic thrombocytopenic purpura, throm- 
botic thrombocytopenic purpura, or posttransfusion 
purpura. A persistent feature in all patients was the 
essentially normal coagulation profile, if the thrombo- 
cytopenia is excluded. Transient elevations of FSP 
titers were found in the two patients with pulmonary 
embolism. This pattern appears to occur frequently 
following pulmonary embolism and is not indicative 
of diffuse consumption coagulopathy.'??? The reports 
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of heparin induced and/or potentiated consumption 
coagulopathy!*!$ may be describing a form of this 
syndrome in which the conditions so favor platelet ag- 
gregation and thrombosis that inhibiting mechanisms 
are overwhelmed and heparin induced thrombocyto- 
penia becomes heparin induced intravascular throm- 
bosis. 

The unpredictability of the disorder makes it particu- 
larly dangerous and suggests that platelet counts be 
monitored in patients receiving heparin for periods 
longer than one week. The disorder should be sus- 
pected in any patient who has a new thromboembolic 
or unexplained hemorrhagic event while receiving 
heparin. A low platelet count helps confirm the diag- 
nosis. The mean hospital stay of 54 days reflects the 
severity of the thromboembolic and hemorrhagic 
complications which, despite the use of platelet 
function inhibiting agents such as aspirin and dipyrida- 
mole, only ceased after heparin was discontinued. 
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Oral Alimentation Following Intubation for 


The nutritional status of 15 patients suffering from unre- 
sectable carcinoma of the midthoracic esophagus was evaluated 
before and after palliative pulsion intubation. All patients 
showed evidence of protein-calorie malnutrition, prior to 
intubation. Oral alimentation using a formulated hospital 
ward diet with an elemental dietary supplement reversed 
the nutritional deficit. A mean daily positive nitrogen bal- 
ance of seven grams was achieved three weeks following 
intubation. No episode of tube blockage was observed and the 
elemental diet supplement was well tolerated. 


HE REPORTED FIVE YEAR survival rates after treat- 
T ment in large series of patients suffering from 
carcinoma of the esophagus varies from one per cent!” 
to 9.495* with 90% of patients dying within one 
year.? Because long term survival is rare, palliation of 
dysphagia is the major consideration in management 
with cure being considered as an added bonus.? 
Where resection is not feasible, esophageal intubation 
is a worthwhile alternative offering the additional bene- 
fits of rapid effectiveness and simple execution. 

Swallowing after intubation has been reported as 
excellent!!:' satisfactory! and adequate if liquids would 
be swallowed for more than half of the survival 
time.? Little objective information is available on the 
nutritional status of patients before or after intuba- 
tion. This study was undertaken with two aims in view: 
1) To ascertain the nutritional status of patients sub- 
mitted to intubation for carcinoma of the esophagus. 
2) To determine whether oral alimentation following 
palliative intubation could effectively reverse any de- 
tectable nutritional deficit. 


Materials and Methods 
Patients 


Fifteen patients were investigated with unresectable 
squamous carcinoma involving the esophagus from 
the level of the thoracic inlet to the tracheal bi- 
furcation (20—32 cm from the incisor teeth). The 
mean age of the patients was 58.4 years, with a range 
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of 40—75 years. None of the patients had evidence 
of liver disease, nephrotic syndrome, or protein losing 
enteropathy. 

The diagnosis and localization of the tumor was 
established by barium swallow examination, esophago- 
scopy and biopsy. The esophagus was intubated with 
the Procter-Livingstone* tube using a pulsion tech- 
nique, which obviates the need for laparotomy and 
gastrotomy.? The tube is made of armoured latex 
rubber with a length of 10, 15 or 19 cm and an internal 
diameter of 12 mm. It is introduced over a bougie 
which traverses the stricture. The rigid Negus esoph- 
agoscope is used to provide a vis a tergo, and verify 
accurate siting of the tube. 


Evaluation of Nutritional Status 


The nutritional status of all patients was deter- 
mined one week prior to intubation and thereafter 
up to three weeks following intubatign, by which time 
all the patients were in positive nitrogen balance. 
Evidence of adult protein-calorie malnutrition was 
specifically sought. Protein-calorie malnutrition was 
defined as a serum albumin level of <3.5 g/100 ml 
weight loss of more than 9 kg (20 Ib) and decreased 
food intake of more than two weeks.? The parameters 
investigated were as follows: 1) Pre- and postintuba- 
tion weight status. 2) Nitrogen balance was calculated 
by measuring the 24 hour urinary nitrogen excretion.'® 
3) Serum albumin was measured by an automated 
calorimetric technique.'* The World Health Organiza- 
tion lower limit of normal is 3.5 g/dl. 4) Total iron 
binding capacity (TIBC) was determined by radial 
immunodiffusion (Hyland immunoplate). 5) Skin fold 
thickness over the triceps was measured with Lange 
skinfold calipers.® 


* Latex Products. PO Box 5626, Johannesburg 2000. 
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TABLE 1. Daily Alimentation Protocol 


HAFFEJEE AND ANGORN 
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TABLE 2. Effect of Oral Alimentation on Nutritional Status 





I. FORMULATED WARD DIET: 


Protein* 105 g 
Carbohydrate 247 g 
Fat 103 g 
KCalories 2500 

II. FOUR PACKETS VIVONEX STANDARD: 
KCalories 1200 
Nitrogen 4g 


III. VITAMINS, MINERALS, ELECTROLYTES 





Alimentation Protocol 


The patients were fed a hospital ward diet providing 
2500 Kcalories. This was supplemented by four packets 
of Vivonex standard diet* and a mineral vitamin syrup 
(Table 1). The daily caloric intake was 3700 Kcals 
and nitrogen intake 20 g/day. The only dietary pre- 
caution recommended, was fine chopping of all meat 
ingested, and the removal of bread crusts. Since the 
objective of treatment was the relief of dysphagia, 
the patients ability to swallow normally and the inci- 
dence of tube blockage was carefully noted. 


Results 


All patients prior to intubation showed evidence 
of protein-calorie malnutrition. The mean weight was 
48 kg, with an average weight loss of 11 kg. The mean 
serum albumin level was 3.1 g/dl, the mean TIBC 190 
g/dl and the mean daily nitrogen loss five grams. 

Following intubation and oral alimentation a mean 
daily positive nitrogen balance of seven grams was 
achieved at three weeks. Other evidence of adequate 
oral intake was the mean weight increase from 48 kg 
to 51 kg, a rise in serum albumin and TIBC to normal 
levels and an increase in skinfold thickness (Table 2). 
All patients were able to swallow saliva and food 
normally, and no incident of tube blockage occurred 
during the three week period of investigation. The ele- 
mental diet supplement was well tolerated and no 
gastrointestinal distress referable to osmolality or 
volume was evident. No significant elevation of blood 
sugar levels was produced by the high caloric con- 
tribution from carbohydrates. 


Discussion 


Esophageal carcinoma will result in inability to 
swallow food and saliva, and the possible develop- 
ment of aspiration pneumonitis and starvation. All 
patients in this series showed evidence of protein- 
calorie malnutrition viz. weight loss, hypoalbuminemia 


* Eaton Laboratories, Norwich, New York 13815. 


Pre-intubation Post-intubation 





Time —] week +3 weeks 
Nitrogen balance g/day -5 g +7 g 
Weight kg 48 51 
Serum Albumin mg/dl Bul 3.8 
TIBC n g/dl 190 270 
Skinfold Thickness mm 4.2 4.6 





and decreased dietary intake. Further corroboration 
of protein-calorie malnutrition was the daily mean 
negative nitrogen balance of five grams and depressed 
serum TIBC. Several authors have shown that serum 
albumin levels alone can accurately reflect body pro- 
tein stores, and the albumin synthesis by the liver is a 
sensitive index of dietary protein intake." Serum TIBC 
levels also provide an index of the nutritional state 
and can be correlated with the fall in serum albumin.? 

Intubation as a palliative measure will diminish the 
risk of aspiration and permit oral feeding. Following 
intubation and oral alimentation and mean positive 
nitrogen balance of seven grams was achieved in three 
weeks, with an increase in serum albumin and TIBC 
levels to normal. Palliative intubation permits an ade- 
quate calorie intake, with minimal dietary modifica- 
tion. Tube blockage in this series was not a problem. 
Protein-calorie malnutrition may not only contribute to 
patient debility but adversely affect survival by com- 
promising immunocompetence.?? The improvement in 
nutritional status following intubation improves 
the quality of survival and may influence survival 
time by a beneficial effect on the immuno-surveillance 
mechanism. 


Conclusions 


Protein-calorie malnutrition is present in patients 
suffering from esophageal carcinoma. Palliative pul- 
sion intubation will allow adequate oral feeding with 
reversal of the nutritional deficit. An elemental diet 
supplement is well tolerated and will boost calorie and 
nitrogen intake. 
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Experimental Gastric Sympathectomy: 


An Effective Prophylaxis of Gastric Stress Lesions 


CH. HOTTENROTT, M.D., R. M. SEUFERT, M.D., F. W. KÜHNE, M.D., M. BUSING, M.D. 


Fifteen mini-pigs were bled to a mean aortic blood pressure 
of 40 mm Hg and maintained at that level for three hours. 
The control group consisted of eight animals with shock for 
three hours, while the test group was comprised of seven 
animals with a similar shock period but which had undergone 
splanchnicectomy 14 days earlier. In all animals a stimulated 
gastric secretion test was performed three days before and eight 
days after splanchnicectomy. All animals in the control 
group showed severe gastric mucosal lesions after shock. 
Conversely, the piglets with splanchnicectomy developed no 
changes (five animals) or only minor changes (two animals). The 
efficacy of splanchnicectomy was confirmed by a stimulated 
gastric secretion test in which basal acid output did not change 
after operation, but peak acid output increased significantly. 
This study suggests that gastric splanchnicectomy prevents 
gastric ulceration following experimental shock. 


LTHOUGH THE PATHOGENESIS of gastric stress ul- 
A cers remains unknown, different methods have 
been used clinically to protect gastric and duodenal 
mucosa against these alterations. Vagotomy is fre- 
quently performed in man, but some studies in animals 
have failed to demonstrate a protective effect.!?!! 
Recent work suggests that vagal tone is unimportant 
during stress.? Mucosal ischemia rather than acid 
seems to be the most outstanding pathogenetic fac- 
tor, probably destroying the mucosal barrier and 
making the mucosa vulnerable to factors such as 
regurgitated duodenal contents. 


Methods 


Fifteen fasting, immature mini-pigs (eight to 12 kg.) 
were bled to a mean aortic blood pressure of 40 mm 
Hg, which was sustained for three hours.*? The animals 
were anesthetized (sodium pentobarbital 20 mg/kg in- 
traperitoneally), an endotracheal tube attached to a res- 
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pirator was inserted, and the animals were maintained 
on a mixture of oxygen and nitrous oxide. The 
femoral arteries and one femoral vein were cannulated 
and used for exsanguination, monitoring of the blood 
pressure and retransfusion of the shed blood. After 
an exsanguination period of 60 minutes, controlled 
hypovolaemic shock was established. The blood was 
sampled in ACD, maintained at body temperature and 
was retransfused over 50 to 60 minutes at the end 
of the period of hypotension. 

Two groups were studied. In the control group 
there were eight animals with shock alone. In the 
test group, each animal had splanchnicectomy 14 days 
previously, followed by the same three hour period of 
shock used in the controls. The splanchnicectomy was 
performed under aseptic conditions with pentobarbital 
anesthesia. The retroperitoneum was approached by 
incisions in both flanks, and the major and minor 
splanchnic nerves were divided below the diaphragm. 

Basic acid output (BAO) and peak acid output (PAO) 
were performed in all animals after subcutaneous in- 
jection of pentagastrin (6 ug/kg body weight) during 
light pentobarbital anesthesia three days before and at 
eight days after operation. 

All animals were sacrificed 24 hours after shock. 
The number and quality of gastric and duodenal 
mucosal lesions were determined macroscopically 
(Table 1). The stomach, duodenum, and liver were ex- 
amined and microscopic sections were staged histologi- 
cally. 


Results 


The relation of shock index to withdrawn blood 
volume/kg body weight was not different between con- 
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TABLE |. Macroscopic staging of gastric stress lesions 


0— no lesions 

| — disseminated petechial hemorrhages 

2— single lesions «0.8 cm. in diameter 

3—single lesions <2 cm. in diameter 

4— confluent lesions 72 cm. in diameter 
and/or defects of the epithelium 





trol and splanchnicectomized animals (Fig. 1). All pig- 
lets (control and test groups) showed the same exten- 
sive damage of the epithelium of the liver due to shock, 
especially in the center of the lobules (Fig. 2). 


Controls 


Six control animals showed large areas of con- 
fluent hemorrhagic lesions (stage 4), especially in the 
corpus and fundus of the stomach (Fig. 3). Histologi- 


SHOCK INDEX 
^ 

% BLOOD LOSS 
e g 








H a; 
mel 
hrs 
1 2 3 4 5 
6 
p 
x 
O 
" Q 
^? LS 
hrs 
1 2 3 4 5 
6 
02$ 
o 
x 
uU 
= 
pt 8 
e 
x 
hrs 
1 2 3 4 5 
EXSAN-| 3hrs SHOCK PERIOD RETRANS - 
GUINATION aortic pressure = FUSION 


40mm Hg 


Fic. 1. Relation of shock index to per cent blood loss during hemor- 
rhagic shock in piglets indicating no difference between control 
and splanchnicectomized animals. In two animals with adrenalec- 
tomy prior to shock, hypotension is achieved by a reduced blood 
loss and shock index. 


GASTRIC SYMPATHECTOMY 





Fic. 2. Microscopic section of the liver 24 hours after hemorrhagic 
shock showing necrosis of the epithelium, especially in the center 
of the lobules. 


cally, these alterations corresponded to hemorrhagic 
infarcts of the mucosa with diapedesis and superficial 
defects of the epithelium (Fig. 4) Two control animals 
developed stage 3 lesions (Table 2). 





Fic. 3. Stomach 24 hours after hemorrhagic shock showing large 
areas of confluent hemorrhage (stage 4). 





Fic. 4. Microscopic section of stomach shown in Figure 3 with 
diapedesis and hemorrhagic infarcts (Ladewig-Trichrome stain). 


Test Group 


Histological examination of all splanchnicectomy 
specimens demonstrated the presence of autonomic 
fibers. After splanchnicectomy, there were no lesions 
in five piglets (Fig. 5), and only minor changes 
(stage 1) in two animals. In these two animals, hy- 
peremia of the capillaries and local bleeding into the 
tissue were seen microscopically (Table 2). 

Before splanchnicectomy BAO was 0.56 + 0.35 
mEg/liter/30 min and PAO 2.99 + 0.52 mEg/liter/30 
min. After operation BAO did not change (0.20 + 0.06 
mEq/liter/30 min). However, there was a significant 
increase of PAO to 5.35 + 0.41 mEq/liter/30 min (p 
< .0025). 


Discussion 


As shown by Norton, et al.,? Goodman et al.,* and 
other authors, hemorrhagic shock produces extensive 
gastric stress lesions in control animals, and such a 
model appears useful in the study of gastric stress 
lesions.! 

Using this experimental model, Seufert et al." 
demonstrated that truncal vagotomy had no influence 
on the incidence of mucosal stress lesions. Further- 
more, animals: treated with antacids simultaneously 


TABLE 2. Gastric mucosal lesions following hemorrhagic shock 
with and without splanchnicectomy prior to shock 





Control Splanchnicectomy 
Stage (n = 8) (n = 7) 
0 — 5 
l — 2 
2 — = 
3 2 — 
4 6 = 
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with hemorrhagic shock had similar or even larger 
gastric lesions than the controls. Conversely, 
vitamin A protected the gastric mucosa almost com- 
pletely.? 

As with vitamin A, splanchnicectomy also prevented 
stress lesions. Slight reactions of the mucosa were ob- 
served in only two splanchnicectomized animals, com- 
pared to severe lesions seen in all other control 
animals. The efficacy of splanchnicectomy was proved 
by histological examination of the resected specimens 
and by the different response to pentagastrin. While 
there was no change in the basal acid output, peak 
acid output was significantly increased when compared 
to peak acid output prior to operation. 

We have previously shown that hemorrhagic shock 
reduces blood flow to the gastric mucosa dramatically 
(83%) and that stress lesions are most common in 
those areas with the lowest blood flow.? Such data 
support the suggestion that ischemia contributes an im- 
portant role in the pathogenesis of stress lesions. 
Ischemia of the gastric mucosa may lead to injury of 
the gastric mucosal barrier? and to impairment of 
protective factors such as mucus.? This may possibly 


Fic. 5. Stomach 24 hours after hemorrhagic shock in an animal 
with splanchnicectomy 14 days previously showing absence of 
mucosal lesions. 
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then render the gastric mucosa more susceptible to 
injurious factors within regurgitated duodenal juice.’ 

In earlier experiments it was found that vagotomy 
in this model reduced blood flow mostly to the fundus 
and corpus of the stomach, areas of the gastric mucosa 
in which stress lesions predominate. This may ex- 
plain why vagotomy did not protect the stomach dur- 
ing hemorrhagic shock. Since sympathetic stimulation 
reduced mucosal blood flow to the same degree in the 
same areas,? splanchnicectomy would seem a rational 
means whereby local mucosal ischemia during shock 
could be avoided. This study indicates that in piglets 
gastric splanchnicectomy prevents gastric stress lesions 
almost completely. Further studies are being under- 
taken to investigate the effect of sympathetic blocking 
agents in this model. 
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Hematuria as a Sign of Aorto-Caval Fistula 


DAVID C. BREWSTER, M.D., LESLIE W. OTTINGER, M.D., R. CLEMENT DARLING, M.D. 


An aorto-caval fistula is a rare complication of an abdominal 
aortic aneurysm (AAA). Typical features, including congestive 
heart failure and a loud abdominal bruit, may be present and 
allow prompt diagnosis, but not infrequently they are absent or 
overlooked and the diagnosis not made preoperatively. Four 
patients with an AAA and an aorto-caval fistula are described, 
each of whom presented with hematuria. We believe the pres- 
ence of hematuria in a patient with a symptomatic AAA 
should suggest the diagnosis of an aorto-caval fistula. A correct 
preoperative diagnosis may contribute to better planning of the 
operative procedure, reduced blood loss, and avoidance of 
possible pulmonary embolization. 


HE NATURAL HISTORY OF an abdominal aortic 
T aneurysm (AAA) is progressive enlargement and 
eventual rupture, unless limited by death of the host 
from other causes. The most common site of rupture 
is the posterolateral aspect of the aneurysm, with 
resultant hemorrhage into the retroperitoneum. Oc- 
casionally, leakage may occur anteriorly into the free 
peritoneal cavity and is more apt to be rapidly fatal. 
Less commonly, rupture may occur into surrounding 
structures which have become intimately adherent to 
the enlarging aneurysm. An aorto-enteric fistula may 
result, usually involving the duodenum. Most unusual 
is rupture into the adjacent inferior vena cava (IVC) 
with formation of an aorto-caval fistula. 

Aorto-caval fistula is a rare complication of an AAA, 
found in less than one per cent of all aneurysms 
and in approximately three per cent of ruptured 
aneurysms." Although typical findings may be 
present when the patient is first seen and allow 
prompt diagnosis, the clinical presentation is often 
more obscure, making correct diagnosis more difficult. 

Four patients with an aorto-caval fistula secondary 
to rupture of an AAA into the IVC treated recently 
at the Massachusetts General Hospital all had 
hematuria as one of their presenting signs. In two of 
these four patients, the correct diagnosis was not made 
preoperatively, and both patients died of complications 
following surgery. We believe the presence of gross 
or microscopic hematuria in association with a sympto- 
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matic AAA may be the only finding to suggest the 
diagnosis of aorto-caval fistula, which if confirmed 
should allow better planning of the operative pro- 
cedure. 


Case Reports 


Case 1. (L.L., MGH # 086 07 48) This 52-year-old physician 
was admitted with back pain, dyspnea, and massive hematuria. Back 
pain had begun three days prior to admission, followed a day later 
by marked shortness of breath and generalized weakness. Gross 
hematuria and passage of blood clots in the urine were then 
noted. 

Physical examination revealed an agitated and dyspneic man. The 
blood pressure was 90/40, pulse 136, and respirations 35. Neck 
veins were prominent, but the lungs clear to auscultation. A 
large, tender, pulsatile mass was noted in the midabdomen, where 
a prominent continuous bruit was heard. Both lower extremities 
were markedly swollen. 

Because of massive gross hematuria, a Foley catheter was 
inserted and during a 40 minute period, while the patient was 
being prepared for surgery, approximately 700 ml of gross 
blood and clot drained from the bladder. One thousand milliliters 
of whole blood were infused; the patient became progressively 
dyspneic and moist rales developed at both lung bases. Exploration 
revealed a 12 cm AAA, with a prominent thrill over the 
aneurysm and vena cava, which was noted to be dilated and 
pulsatile. The vena cava was partially compressed proximally by the 
aneurysm. The pelvic peritoneum was markedly swollen and the 
pelvic floor and bladder obscured by retroperitoneal edema fluid. 

Following control of the proximal aorta, the aneurysm was 
opened, and a two centimeter oval communication with the 
inferior vena cava demonstrated. The vena cava was ligated above 
and below the fistula, the aneurysm resected, and an aorto-iliac 
bifurcation graft inserted. After operation, marked diuresis ensued, 
and the hematuria cleared within 12 hours. An IVP and cystoscopy 
were normal except for large distended veins noted over the base 
of the bladder. 


Comment 


Classical features of an aorto-caval fistula allowed 
prompt preoperative diagnosis. The marked worsening 
of the patient's dyspnea with only modest preoperative 
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fluid infusion underscores the need for extreme caution 
in the fluid management of such patients until the 
fistula is closed. Prompt clearing of even massive 
hematuria following closure of the fistula is typical. 
This case, whose clinical presentation includes all the 
classical signs and symptoms, has been previously 
reported by Darling and Linton,* who first emphasized 
the significance of gross hematuria in such patients. 


Case 2. (F.T., MGH # 024 25 42) This 65-year-old man 
was seen in the emergency ward with back pain. This had been 
present for three months. Two days prior to admission, back pain 
became severe and radiated to both hips and thighs. Generalized 
fatigue and swelling of both legs were noted. Examination 
revealed stable vital signs. The neck veins were not distended 
and the lungs were clear to auscultation. There was a huge, tender 
AAA with a bruit audible over it. There was marked swelling of 
both legs with bluish discoloration and mottling to the groin level. A 
stool guaiac determination was positive for occult blood. 

The hematocrit was 28% and the urine was pink tinged. 
Urinalysis revealed innumerable red blood cells and 20—30 white 
blood cells. The BUN was 97 and creatinine 5.3 mg%. An 
aortogram (Figs. laand b) confirmed the presence ofa huge AAA with 
an aorto-caval fistula. At operation, a 13 x 15 cm AAA was found. 
Control of the vena cava was obtained central to the fistula, 
followed by resection of the aneurysm and closure of a 2.5 cm 
fistula located just proximal to the aortic bifurcation. Autotransfusion 
was employed, with 7000 cc of blood reinfused. In addition, 2500 cc 
of banked blood were administered. 





Fic. la. Early film from midstream aortogram, demonstrating a 
huge AAA. Slight filling of IVC is already evident. 
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Fic. Ib. Later film, with IVC clearly opacified (arrows), indicating 
presence of an aorto-caval fistula. Note marked compression of 
the IVC by the aneurysm. 


The postoperative course was uncomplicated, with hematuria 
clearing within 24 hours. Renal function returned slowly towards 
normal. 


Comment 


The correct diagnosis was suggested by apprecia- 
tion of a bruit over the aneurysm, typical swelling of 
the legs, and hematuria, and was confirmed by an 
aortogram. Once the diagnosis was known preopera- 
tively, vena caval control and use of auto-transfusion 
contributed to a successful result. The development of 
renal failure secondary to aorto-caval,fistula is an 
unusual but recognized problem. Following successful 
repair, this returned slowly towards normal. 


Case 3. (D. W., MGH # 205 97 86) This 68-year-old man was 
brought to the emergency room complaining of low back pain. He 
had been well until 12 hours prior to admission, when he noted 
sudden severe low back pain which radiated to the right leg. 

The blood pressure was 170/50 and pulse 120; he had no respira- 
tory distress. Neck veins were nondistended and lungs clear to 
auscultation. The lower trunk and both extremities were mottled 
with a bluish discoloration below the umbilicus. There was a 
large, pulsatile abdominal mass which was nontender. A bruit was 
not noted on abdominal auscultation and bowel sounds were ab- 
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sent. Good femoral pulses were present, but no distal pulses 
could be appreciated. Sensation was diminished in both lower 
extremities with weakness.of the right leg below the knee. The 
hematocrit was 44% and a white blood count 13,200. The BUN 
was 13 and creatinine 2.0 mg %. A Foley catheter was inserted 
and drained grossly bloody urine. A chest X-ray was clear. 

The patient was taken directly to the operating room with a 
diagnosis of a ruptured AAA. At exploration, the retroperitoneum 
was noted to be markedly edematous with numerous dilated 
lymphatics which appeared to contain blood. There were no gross 
signs of rupture of the aneurysm. Proximal and distal control 
were obtained and the aneurysm opened. Profuse venous bleed- 
ing was encountered which was finally localized to a two centimeter 
aorto-caval fistula in the right posterior aspect of the aneurysm. 
This was controlled by digital pressure and closed from within the 
aneurysm by a running vascular suture. While identification and 
closure of the fistula were being accomplished, substantial blood 
loss occurred and the blood pressure fell to the range of 50 mm 
of Hg for a ten to 15 minute period. Vascular continuity was re- 
established by insertion of a woven dacron bifurcation prosthesis. 
Estimated blood loss was 8500 cc which was appropriately re- 
placed. Prompt clearing of the hematuria was noted. 

Re-exploration was required on the first postoperative day for 
continued intra-abdominal bleeding. Several bleeding points in the 
retroperitoneum were suture ligated. Despite stable vital signs 
and a satisfactory urine output, progressive non-oliguric renal 
failure and hepatic failure ensued, and the patient expired two 
weeks following operation. 


Comment 


Classic features of an aorto-caval fistula, conges- 
tive heart failure and a loud abdominal bruit. were 
absent. Bluish, mottled lower extremities with gross 
hematuria should have suggested the correct diagnosis 
preoperatively. This might have contributed to de- 
creased blood loss and avoidance of profound hypo- 
tension, both important factors in this patient's post- 
operative multisystem organ failure. Failure to appre- 
ciate the significance of hematuria in the presence of a 
symptomatic AAA contributed to an unsuccessful out- 
come. * 


Case 4. (A.V., MGH # 178 93 64) This 71-year-old man was 
well until one hour prior to admission, when he noted the sudden 
onset of severe low back pain radiating to both thighs and severe 
generalized weakness. In the emergency room, the blood pressure 
was 60/0, the pulse 110, and the skin cool. His lungs were clear, 
heart sounds normal, and neck veins nondistended. There was a 
large, tender, pulsatile abdominal mass. Peripheral pulses were 
present, but the lower extremities were noted to be congested 
and mottled in appearance with a bluish discoloration. 

A Foley catheter drained grossly bloody urine. Other laboratory 
values were unremarkable and an EKG did not suggest acute 
changes. 

He was taken promptly to the operating room with a diagnosis 
of ruptured AAA. At exploration, an eight centimeter AAA was 
found to involve the infrarenal abdominal aorta and proximal 
common iliac arteries. There was, however, no retroperitoneal 
hematoma or other gross signs of rupture. The kidneys were 
normal to palpation, but edema and swelling at the base of the 
bladder were noted. 
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Gross hematuria and moderate hypotension continued to be 
present, and it was decided that emergency resection of the un- 
ruptured aneurysm should be deferred until the cause of the gross 
hematuria and continued hypotension was determined and cor- 
rected. 

The abdomen was closed and cystoscopy performed. Multiple 
engorged superficial veins which bled easily were noted at the 
bladder base and prostatic bed. A 30 cc three-day Foley catheter 
was inserted, placed on gentle traction, and constant irrigation 
begun. 

Massive hematuria continued, however. requiring transfusion 
of five units of blood over a six hour period. The patient was 
brought to the angiography department in an attempt to control 
the bleeding. An initial aortogram confirmed a large AAA and 
demonstrated a large aorto-caval fistula (Figs. 2a and b). The vena cava 
appeared compressed proximally and most of the flow through the 
fistula was directed toward the pelvis and lower extremity venous 
system (Fig. 3). 

The patient was returned to the operating room and under- 
went resection of the aneurysm and ligation of the vena cava 
above and below the fistula which was found to be too large to be 
repaired from within the aneurysm itself. Postoperatively, the 
hematuria cleared within 24 hours, but he remained oliguric 
with a rising BUN which was attributed to renal failure from his 
previous hypotensive episodes. Despite hemodialysis, the patient 
expired five weeks following operation of sepsis and persistent 
renal failure. 


Comment 


Due to the absence of signs of congestive heart 
failure, the diagnosis of an aorto-caval fistula was 
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not considered. Auscultation of the abdomen for a 
bruit was omitted. The massive urinary bleeding 
caused confusion in the diagnosis and delay of surgical 
repair rather than suggesting the correct diagnosis, re- 
flecting ignorance of the significance of this important 
sign. 


Discussion 


As previously described by numerous authors, the 
classical presenting signs of patients with an aorto- 
caval fistula due to an AAA include a pulsatile ab- 
dominal mass, acute abdominal or back pain frequently 
radiating to the groin or thighs, congestive heart 
failure with severe edema of the lower extremities, 
and a typical, widely transmitted, continuous ab- 
dominal bruit.':2-5!418-20 A thrill may be appreciated 
on palpation of the abdomen in approximately one- 
quarter of reported cases. Varying degrees of acute 





Fic. 2b. Later frame, with filling of the IVC (arrows) due to the 
large aorto-caval fistula. 
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Fic. 3. View of the pelvis during the aortogram. The lower aspect 
of the aneurysm and the iliac arteries are opacified, as well as 
the extensively dilated pelvic venous system which filled pref- 
erentially via the fistula. 


high-output cardiac decompensation have formerly 
been felt by most authors to be the predominant mani- 
festation.!4-16.15 

Not infrequently, however, recognition is more 
difficult as typical signs and symptoms are not pres- 
ent.^? In reported cases, the correct diagnosis has 
often only been appreciated at the time of surgical 
repair, when profuse venous bleeding is encountered 
as the aneurysm is opened, often with disastrous re- 
sults. In many of these unrecognized patients, features 
of congestive heart failure have been minimal or 
absent, and a bruit or thrill not evident. We believe 
that this may be explained by compression of the IVC 
central to the fistula by the aneurysm itself, thereby 
minimizing flow toward the heart dnd augmenting flow 
peripherally. Such compression has been suggested 
by other authorities, and serves to lessen the central 
cardiac effects of the sudden left to right shunt and 
thereby minimize or abolish the characteristic 
bruit.29:9:49 Rather, the large volume of shunted 
blood is directed toward the pelvis and extremities, 
producing marked regional venous hypertension. This 
is often the major pathophysiologic factor in aorto- 
caval fistula secondary to an AAA, and is attributable 
to both acute engorgement of the venous system of 
the pelvis and lower extremities as well as central com- 
pression of the IVC itself (Fig. 4). 

Regional venous hypertension is responsible for 
the often marked swelling of the lower extremities so 
characteristic of the condition and explains the often 
striking contrast of bluish congested lower extremities , 
in the presence of cool, pale, ischemic upper extremi- 


770 


Fic. 4. Artist's depiction of an 
aortic aneurysm with aorto- 
caval fistula. Compression of 
the IVC central to the fistula 
may lead to preferential shunt- 
ing to the venous system be- 
low the fistula, causing re- 
gional venous hypertension. 





ties and trunk. Occasionally, distended veins of the 
lower extremities or lower trunk may be noted to 
pulsate. The regional nature of the venous hyper- 
tension has been documented by Nennhaus and asso- 
ciates, who determined a femoral vein pressure of 34 
cm of water with a normal cervical venous pressure 
of eight centimeters of water.'* The regional distribu- 
tion also differentiates the lower extremity swelling 
from the anasarca sometimes noted in the intrac- 
table high output cardiac failure often seen with other 
large arteriovenous fistulas. 

Transmission of such venous hypertension to the 
hypogastric venous system may also lead to hematuria. 
Such "arterialization" of the pelvic veins causes 
venous congestion and edema of the pelvic retro- 
peritoneal tissues*as well as the bladder itself. Such 
findings have been noted by others both at cystoscopy 
and at the time of surgical exploration. '*519.1415 Such 
distended and fragile veins may rupture and cause 
hematuria of varying severity. Such rupture is often 
precipitated by passage of a catheter into the bladder. 
Less commonly, rupture of distended venous channels 
in the mucosa of the lower gastrointestinal tract may 
cause rectal bleeding.9:!9.2 

It is unusual for hematuria to be associated with a 
symptomatic AAA. Culp, in a review of the urologic 
aspects of 400 patients with an AAA at the Mayo 
Clinic, noted that at least ten per cent of these pa- 
tients had initial complaints that suggested a genito- 
urinary disorder. ^ None, however, had hematuria. 
Similarly, McKeil found only one instance of hema- 
turia in over 600 patients with an AAA, and this 
was found to be due to an associated ureteral tumor. 
He concluded that hematuria associated with rup- 
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tured or nonruptured aneurysms is so rare that a 
primary urologic cause should be sought." 

Conversely, hematuria has been reported to occur in 
17% to 23% of patients with an aorto-caval fistula 
due to an AAA*:*?? and its presence should strongly 
suggest this possibility, even in the absence of a bruit 
or other characteristic findings. In our review of the 
literature, and including the cases described in this 
report, we have found 14 patients with hematuria in 
the 80 reported cases of aorto-caval fistula due to an 
AAA,?+89~12-16-21 an incidence of 17.5%. There was an 
approximately equal frequency of gross or signifi- 
cant microscopic hematuria. 

Prompt clearing of the hematuria with resection of 
the aneurysm and closure of the fistula supports the 
key etiologic role of pelvic venous hypertension and 
makes other primary urologic causes unlikely. Clear- 
ing is sometimes noted within minutes of aortic 
clamping and almost always within 24 hours of opera- 
tion. * 8:11 


Management 


Since the first successful repair of a spontaneous 
aorto-caval fistula due to an AAA by Cooley in 
1954,° the principles of surgical management have been 
well established by many authors: resection of the 
aneurysm, restoration of vascular continuity, and 
closure of the fistula. 

The importance of establishing, or at least suspect- 
ing the correct diagnosis preoperatively cannot be 
overemphasized. Although the experienced vascular 
surgeon may well deal successfully with such a fistula 
even if it is not suspected until profuse venous bleed- 
ing is encountered when the aneurysm is opened, 
there is no doubt that the liklihood of a successful 
repair is enhanced by a correct preoperative diagnosis. 
Therefore, physicians caring for patients with aneurys- 
mal disease should routinely auscultate the abdomen for 
a bruit, or entertain the diagnosis in any patient with a 
symptomatic aneurysm who has any signs of con- 
gestive heart failure, congested or swollen lower ex- 
tremities, or, as emphasized in this report, hematuria. 
Similarly, it is suggested that all aneurysms be rou- 
tinely palpated at the time of initial surgical explora- 
tion; a prominent thrill would suggest the diagnosis 
prior to opening the aneurysm. 

If the diagnosis is suspected preoperatively, we 
would favor the use of preoperative aortography. 
Such studies involve minimal delay, and may be 
safely accomplished in experienced hands. The 
diagnosis of aorto-caval fistula may be readily estab- 
lished and other surgically useful information, such 
as the extent of aneurysmal disease and the presence 
of associated occlusive disease of renal, visceral, or 
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limb vessels will be provided. The advantages of pre- 
operative aortography in patients with aneurysmal 
disease have been previously described in a recent 
report from this institution.? Although such studies 
are not appropriate for most patients in whom a rup- 
tured aneurysm is suspected, the urgency for immedi- 
ate resection of an aneurysm with aorto-caval fistula 
is less than that of other types of rupture, and should 
allow use of preoperative angiography. 

A definitive preoperative diagnosis offers definite 
advantages in the surgical management of patients 
with an aorto-caval fistula. First, knowledge of the 
correct diagnosis ensures that prompt surgical manage- 
ment will be undertaken, without delay caused by a 
mistaken impression of possible genitourinary prob- 
lems or confusion regarding unexplained hypotension 
or oliguria (see case report 4). E 

Secondly, a correct diagnosis and appreciation of 
the pathophysiology should facilitate more appropriate 
anesthetic and fluid management in these patients. In 
the hypotensive patient with an aorto-caval fistula, 
ill-advised massive fluid or blood infusion may simply 
aggravate any element of congestive heart failure. 
Judicious fluid management will often require care- 
ful monitoring with a central venous catheter or ideally, 
the use of a Swan-Ganz pulmonary artery catheter. 

Most importantly, a known aorto-caval fistula 
should require several alterations in preparations for 
and technique of aneurysm resection. The liklihood 
of increased blood loss makes it prudent to ensure 
the availability of a greater amount of blood for trans- 
fusion than is normally the case. When available, 
the use of intraoperative autotransfusion may be most 
helpful (see case report 2). Furthermore, the surgeon 
who anticipates a fistula will often be more likely to 
limit blood loss when the aneurysm is opened. No 
time is lost by confusion or uncertainty. Proximal 
and distal control of the IVC may be advantageous 
or several 30 cc Foley catheters may be made avail- 
able for insertion through the fistula into the IVC 
above and below the fistula for control of venous 
bleeding while the fistula is closed by sutures from 
within the aneurysm. Finally, the documented occur- 
rence of massive pulmonary embolization of mural 
thrombus within the aneurysm via the arterio-venous 
fistula should cause the surgeon to avoid excessive 
manipulation of the aneurysm and its contents prior to 
fistula closure.1?? Obtaining proximal and distal con- 
trol of the IVC prior to opening and evacuation of 
the aneurysm may also be used to minimize risk of 
such embolization. 

The mortality of patients with an aorta-caval fistula 
secondary to an AAA has ranged from 45-50% in 
several prior reviews.^9!5 It is our belief that a sub- 
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stantial reduction of this figure is possible, particularly 
if a correct diagnosis, as sometimes suggested by the 
presence of hematuria, can be'established preopera- 
tively. 
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A Banner with the Strange Device, Excelsior! 


H. WILLIAM SCOTT, JR., M.D.* 


T IS a great pleasure to be asked to speak before this 

distinguished group in honor of Dr. Churchill. 
Your dedication to Dr. Churchill and the high standards 
of accomplishment for which he stood . obviously 
prompted your adoption of the name of this organi- 
zation. f 

The verse from which the title of my talk is taken 
comes from the poem that most of us had to memorize 
as school children. It may be considered hackneyed 
today but Longfellow’s rhythm and rhyme are still 
pleasing: 


“The shades of night were falling fast 
As through an Alpine village passed 
A youth who bore 'mid snow and ice 
A banner with the strange device, 
Excelsior!” 


Excelsior as a poem has a commanding magical 
quality which incites the reader, despite deadly warn- 
ings of hardship and disaster en route, to continue 
ever onward and upward. Exactly why this is good 
advice is not elaborated. Possibly Longfellow in the 
mid 19th century felt that idealism was its own reward- 

A bit later in the 19th century in over 100 books 
with immortal titles such as ‘‘Luck and Pluck” and 
“Bound to Rise" another great Harvardian, Horatio 
Alger, inspired American youth to press onward and 
upward because of the material wealth which would 
inevitably accrue as a reward for hard work and 
perseverance. . 

Today the sociologists call this intensely American 
ideal by the crass term "upward mobility." Excelsior 
is a much more inspiring and delightful moral com- 
mand. What it tells us to do is to keep our standards 
high. 

This is advice that is sorely needed in today’s society 
with its drift away from elitist standards in favor 
of egalitarianism and the cult of mediocrity. No where 
are these trends more apparent in America than in 
the field of education. 
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A recent series of articles written by the Los Angeles 
Times has revealed a sharp decline in the reading, 
writing and computational skills of American students 
in comparison with those of the previous decade. 
It is a broad decline from elementary school through 
college. While such news should not come as a com- 
plete surprise to educators and employers, it is a 
cause for grave concern. 

The basis for the conclusions came from verbal 
and mathematics scores on the scholastic aptitude test 
(SAT) that showed drops of 38 and 25 points in their 
respective categories. The scores compared those stu- 
dents of the 1963—64 and 1974—75 academic years 
and the latter group ran a poor second. More of a 
surprise, however, was the intrusion of something 
called grade inflation, an epidemic of higher grades 
in recent years for significantly inferior scholastic 
achievement. 

The Times' reporters who did their own homework 


- well ruled out ethnic causes for this phenomenon 


affecting the general student population. Instead 
much of the blame is placed upon schools caught up 
in the fad of “relevancy” with the result being that 
elective courses were increased at the expense of the 
more traditional three R's. Even the spelling of ''rele- 
vancy" became, one feels, secondary in the plans of 
the new education. 
Inflation of grades at the college level is not |un- 
expected news. Without doubt much of it was brought 
about as a reaction to student rebellion and by the 
mass of students driven on campus by the shadow 
of the Vietnam war. It is, however, more surprising at 
the lower levels —in the high schools, and if relevancy 
has somehow been served by all this, it makes |the 
relationship of grades to actual learning somewhat 
more irrelevant. i 
Where this lowering of standards began is [not 
easily determined. Individual educators probably have 
their very private opinions on where the blame should 
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be cast but judging from the lack of exposure which 
such declines in student achievement have previously 
received, there is an evident timidity on the part of 
many spokesmen for education to even acknowledge 
that a problem exists. 

The community of educators with some justifica- 
tion may deny total responsibility for these sliort- 
comings. It may point to a growing looseness in 
American life, in family style, in discipline, in too 
little responsibility at the home level and too great a 
student risk of influence from drug cultures and ju- 
venile crime. Certainly these are all factors which 
could be contributing to the problem. 

In a recent article in the New York Times about 
schools, William V. Shannon pointed out that many 
conscientious parents are concerned about exposing 
their returning school-children to what he terms the 
"new sophistication." The parental concern is not 
with academic instruction but with the introduction of 
children at ever younger ages in the schools by older 
students to marijuana, hard drugs, alcohol and sexual 
experience. Concerned parents look at the schools as 
enemy territory because it is there that children 
congregate, that family-held standards of behavior 
are subverted and children coerced by their peers to 
conform to alien codes. 

The ‘‘new sophistication" made its appearance 
more than a dozen years ago. Historically, it is re- 
lated to the spread of the drug subculture from the 
black slums to the white middle classes, the introduc- 
tion of the birth control pill and the rebellious 
student attitudes of the 1960's. 

But it is more than a passing phenomenon of the 60's. 
Its evil effects can be seen today in the grim statistics 
on suicide, now the second leading cause of death 
among persons aged 13-24 and occurring at a rate 
twice what it was a decade ago. It can be seen too in 
the sky-rocketing rates of venereal disease, drug addic- 
tion and alcoholism among the young. 

The distinctive theme of this new sophistication is 
the absence of restraint. Good families frame their 
children's lives with love-and with restrictions— 
restrictions which are aimed at the child's self preserva- 
tion, at protecting him against dangers he cannot 
fully recognize or foresee. How can these restraints 
be enforced when so much of today's culture extolls 
permissivism and argues against any limits, any dis- 
cipline, any self denial? 

. The struggle of parents and teachers against these 
demoralizing tendencies involves the reversal of much 
of the permissivismi that is now fashionable in families 
and schools. Parents have to be unafraid to make 
up their own minds, impose their own standards and 
assert their natural authority. 
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Teachers need to halt their headlong flight away 
from intellectual and moral standards and make schools 
once again into places of challenge and decorum. 

William V. Shannon even makes the reactionary 
suggestion, male chauvinist pig that he is, that sexual 
segregation of schools from the sixth grade on, would 
free adolescents of both sexes from ‘‘disturbing bio- 
logical pressures’’ during school hours. 

I believe the Department of Health, Education and 
Welfare with its policy of mandatory racial, social 
and sexual egalitarianism would find this suggestion 
both disturbing and unacceptable. 

What effects has ‘‘permissivism’’ with its lowered 
standards of juvenile morality and elementary, high 
school and college education had on medical educa- 
tion today? 

First of all there has been a great increase in the 
numbers of applicants for admission to medical schools 
in the last ten years. For example, Vanderbilt, a 
small medical school with 85 places in its entering 
class, had almost 6,000 applicants last year. Harvard 
Medical School with 150 places in the entering class 
had 3200 and George Washington had 9728 for 150 
places. In 1975 the AMA listed the total number of 
students applying to medical school as over 42,000. 
Medicine continues to be attractive as a career. 

According to the AMA’s last published report on 
medical education in 1975, there were 114 accredited 
U.S. medical schools with student enrollment totalling 
54,074. According to AMA projections, further in- 
creases in entering class positions should bring first 
year enrollment for academic 1976—77 to well over 
15,000. By 1978, an entering medical school class 
of 16,000 is a likely possibility. 

In the last ten years there has been an increase in 
the percentage of students entering medical schools 
with A averages (3.6 to 4 quality points). From 1962 
to 1966, 12-14% of entering classes were A students. 
Since 1966 this percentage has increased steadily each 
year, reaching 39.3% in 1974 and projections from the 
curve suggest a percentage close to 5096 for 1976—77. 

In similar fashion during the same period, there 
has been a rise in mean scores on the medical 
college admission test (MCAT) of accepted applicants 
from the 530 to 540 range to the range of 559 to 611. 

At Vanderbilt ten years ago the entering class had a 
quality point average of 3.2 to 3.3. Presently the class 
average is in the 3.6 to 3.7 range. MCAT scores of 
entering Vanderbilt medical students have shown 
steady increases in the last decade in the percentage 
of students with average scores over 600. The per- 
centage has gone from 19% in 1962 to 75% in 1976. 

Do these data mean that students with better 
scholastic achievement and better aptitude for medical * 
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education-are currently entering our médical schools 
than was the case ten years ago? 

Clearly a part of thé increased number of students 
who currently apply for admission to medical school 
reflects the coming of age of the post World War II 
"baby boom.” Other factors which may play a part 
include the increasing number of places in the entering 
classes of medical schools and increasing availability 
to candidates of iristitutional, private and govern- 
mental financial support. 

An additional part of the increased number of 
applicants can be attributed to the grade inflation 
practices of college instructors in the last decade- 
the higher grade averages permit greater numbers of 
college students to qualify as applicants for medical 
school: 

Grade inflation must be held in part responsible for 
the steady increase in the percentage of A students who 
have entered medical schools in the last decade. 

Dean John Chapman of Vanderbilt believes that a 
part of the improvement in MCAT scores is due to 
inflation of grades by the various correction factors 
used in scoring the tests so as to relate each test to a 
standard base of refererice. He thinks a part is due to 
better preparation at high school and college levels 
and a part is due to an increasing expertise of today's 
students in taking objective examinations. 

In Dean Chapman's opinion, arid I agree with 
him, there is little evidence that the net result of 
these considerations has beer any great alteration 
either upward or downward.in the scholastic quali- 
fications or scientific capabilities of students who enter 
medical school today as -compared to those of ten 
years ago or, irideed, as this audience would agree, I 
believe, to. those of 30,-40 or 50 years ago. 

The students who enter medical school today are in 

general those who.have been the earners of the upper 
10% of the high school SAT scores, the high grades 
in their college settings and the high scores on the 
MCAT examinations. 
. As a result of serving as a Visiting Professor in a 
number of medical schools around the country, I am 
persuaded that the medical students of today are 
serious, strongly motivated individuals who most 
often prove to be highly idealistic in their approach 
to a medical career. l 

Since the early 1960’s there has been a steady 
increase in the number of women and minorities in 
medical schools in the United States. Currently, 
women constitute about 20% of the entering medical 
classes. According to 1973 AMA statistics, exclud- 
ing Howard and Meharry, enrollment of black students 
has increased three fold in state medical schools and 


* four fold in the private schools. Blacks were 5% of 
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the entering class enrollment in the state schools 
in 1973 and 8.596 of the first year students in ithe 
private schools. Current figures are likely to be higher. 

Many medical schools in the last decade have under- 
taken active recruitment programs for minority stu- 
dents. The legal basis for such programs must clearly 
avoid a double standard of criteria for admission to 
medical school. 

A major intramural *'flap" concerning this practice 
developed at the Harvard Medical School a few months 
ago. In May, 1976, Dr. Bernard Davis, Professor of 
Bacterial Physiology at Harvard Medical School, 
published an editorial in the New England Journal of 
Medicine in which he suggested that the criteria| for 
admission to the Harvard Medical School had been 
"stretched" to permit the admission of minorities. 
Further, he questioned ‘‘how far faculties should also 
stretch the criteria for passing students. . . ."; In 
conclusion, the editorial stated “It seems time |for 
medical faculties to ask whether we have been properly 
balancing our obligation to promote social justice 
with our primary obligation to protect the public 
interest, in an area in which the public cannot pro- 
tect itself." 

This article was promptly picked up by the NN ew 
York Times whose editorialist, Lawrence K. Altman, 
waved his vorpal blade promptly under the title **Pro- 
fessor contends medical school standards have 
dropped because of rise in minority students.” 

The Harvard Crimson’s Judith Kogan quoted Pro- 
fessor Davis as saying, presumably in an interview, 
that ‘‘Gambles medical schools take in recruiting and 
graduating unqualified blacks will result in a decrease 
in the quality of the nation’s health care.” 

Dean Robert Ebert, President Derek Bok andj the 
héads of the preclinical departments of the. Harvard 
Medical School promptly took issue with Professor 
Davis, berating him and castigating his point of view 
and strongly denying the existence of a double standard 
for minorities at Harvard. A summary of the contro- 
versy in its entirety was published in the July -August 
issue of the Harvard: Medical Alumni Bulletin. 

Hard data on the performance of any group of 
students in medical schools are not readily available. 
However, as Bernard Dávis was quoted by the Harvard 
Crimson, ‘‘Out of 150 Harvard medical students who 
took the examination of the National Board of Medi- 
cal Examiners last year, ten-most of them blacks 
and Chicanos-failed. In previous years no more than one 
or two have failed and then for emotional reasons."' 

I have neither available data nor desire to enter 
this controversy. However, there is no question that 
medical schools in the United States in the last décade 
have made a strong effort to accept and accommodate 
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minority students. Áccording to the 1973 AMA report 
on medical education, most schools make great efforts 
to retain minority stüdents by offering tutoring for 
courses, decelerated dnd flexible programs, academic 
counseling to improve study skills, small group 
seminars, emotioral and personal counseling. by 
minority students’ and physicians and scholarships. 
Of the total mimber of minority students admitted 
to U.S. medical schools in 1972, the report indicated 
that, 95% had been retained as of June, 1973. Data 
for 1975 for blacks are identical. 

. What the médical schools have done to help minori- 
ties is highly commendable. However, the Davis 
editorial presents the hard problem lucidly, ‘‘It 
would be a rare person today who would question the 
value of stretching the criteria for admission and of try- 
ing tó make up for earlier educational disadvantages 
to help disadvantaged groups. But how far faculties 
should also stretch the criteria for passing students 
is another matter.” 

l There is no easy, pat solution to the problem, but I 
can give a ready answer to the question. High standards 
must be maintained by all medical faculties and must 
be met by all medical students. No other answer is ten- 
able. No other answer is acceptable. 
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It is interesting to speculate as to how Dr. Churchill 
would have reacted to this problemi. In his presidential 
address before the American Surgical Association en- 
titled ‘Science and Humanism in Surgery," he elo- 
quently pleads thé point that humanism in medicine 
cannot be valid without a scientific background. There 
is little question in my mind that, were he here today, he 
would agree with the hard Calvinist answer that high 
standards must be maihtained and met. 

I wonder though if in his déeply reflective, philoso- 
phic way, he might advise us to read Philip oed s 
recent article on ‘‘The- American University Today” in 
which Handler urges that the technological and sade: 
fic decisions yet to be made by universities be shaped 
by humanistic insight. 

In closing, Dr. Handler quotes a statement by Wel- 
lington and Witters in a different context which might 
readily have come from Dr. Churchill's own pen: “To 
look for solutions to these difficult questions is pro- 
foundly to misunderstand their natures. The quest is 
not to solve but to diminish, not to cire but to manage; 
and it is this hard truth that makes so many frustrated, 
for it takes great courage to surrender a belief in the 
existence of total solutions without also surrendering 
the ability to care.” 


Letters to the Editor 


July 26, 1976 
Dear Editor: 


Asa humble pediatrician, who admits to being unable 
to even carve bread straight, I hesitate to criticise 
any surgeon. However, I doubt that Dr. Spira (April, 
1976) should be allowed to claim that there are but 
10 cases of sporitaneous rupture of the common bile 
duct in the literature. He miglit at least havé put in 
the disclaimer that he does not consider pediatrics to 
be “in.” The condition, thougli rare, is well described 
in infants and some of the reports are even in proper 
(i.e. adult) surgical journals, e.g. Br. J. Surg., 48:532, 
1961. : 
) R. H. Burnell, M.D. 

Department of Paediatrics 
Adelaide Children's Hospital Inc. 
North Adelaide 

South Australia 5006 


September 2, 1976 
Dear Editor: 


The article entitled ‘‘Spontaneous Rupture of the 
Common Bile Duct" in Annals of Surgery, Vol. 183 
No. 4, page 433, April 1976 reported a single case of 
a very rare condition. It was the author’s intent to 
supplement the very scarce literature on the subject 
and to provide some insight into the diverse etiologies 
of the condition by discussing cases previously re- 
ported. Rupture of the common bile duct has been 
reported very rarely in infants and perhaps these 
should have been included to make the article an all- 
encompassing review. 

Ian A. Spira, M.D., F.R.C.S. 
Beth Israel Medical Center 
10 Nathan D. Perlman Place 
New York, New York 10003 


July 30, 1976 
Dear Editor: 


Despite several studies reported in the last years,'~* 
* the effects of small bowel bypass for obesity on gastric 
secretion are still controversial. 
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Recently, Wise, Vaughan and Stein (Annals lof 
Surgery 183:259, March 1976) have evaluated gastric 
secretory function in 20 obese patients before and 
after the shunt operation. The investigation included a 
single postoperative determination for each subject, 
and the interval between surgery and postoperative 
méasurements ranged from six to 23 months. The 
authors, considering together data obtained iri all the 
20 patients, found no postoperative increase of HCl 
output. 

Most of the changes following jejunoileal bypass, 
like intestinal malabsorption, hepatic injury, etc., have 
proved to be transient. If also gastric hypersecre- 
tion which occurs after the shunt procedure is a 
dynamic phenomenon, a single postoperative deter- 
mination should clearly bé unsufficient to detect and 
even more to define it. 

No study has been previously reported including 
gastric acid output and serum gastrin levels meas- 
urements performed on each subject preoperatively 
and at various time intervals after bypass. 

We have recently studied three patients prior to 
operation and one, four and 12 months after surgery. 
Gastric hypersecretion occurred early after jejunoileal 
bypass in our subjects. The increase in gastric acid 
output, evaluated Student’s paired t test, re- 
sulted statistically significant one month after oper- 
ation (mean difference: 4.06 + 1.57; p < 0.05). At the 
sanie time fasting and meat stimulated serum gastrin 
levels appeared markedly decreased in comparison 
with preoperative values. Subsequently, both gastric 
acid output and serum gastrin concentrations showed 
a tendency to return to preoperative levels. The 
return to the preshunt pattern was complete in one 
patient at 12 months. 

In the above mentioned investigation, as well as|in 
most of the others previously reported on the same 
subject, the patients have not been studied in the 
first months after bypass, and that could explain why 
gastric hypersecretion has often partially or entirely 
escaped observation. However, on re-evaluating the 
results obtained by Wise and his colleagues, we 
found that all the four subjects studied six months 
after bypass (i.e. the earliest measurements performed 
in this investigation) liad postoperative increase | in 
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basal gastric acid output (preop. 1.3 + 0.35 mEq/h; 
postop. 2.95 + 1.71 mEq/h), thus confirming our find- 
ings. The statistical significance is not reached, in our 
opinion, because of the small number of cases and the 
long time interval since operation. 
Nicola Scopinaro, M.D. 
Ezio Gianetta, M.D. 
Dario Civalleri, M.D. 
Clinica Chirurgica I 
Università di Genova, 
16132 Genoa, Italy 
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July 15, 1976 
Dear Editor: : 


In the February, 1976 issue of the Annals of Surgery, 
you published an article by Dr. Graham Knox en- 
titled, "Peripheral Vascular Anastomotic Aneurysms: 
A 15 Year Experience.” In this article, Dr. Knox dis- 
cusses the fragmentation of monofilament polyethylene 
sutures as one of the causes of anastomotic aneurysms. 
In the accompanying tables, he uses the term ‘‘mono- 
filament synthetic” to describe the suture material. It 
would have been more accurate had Dr. Knox used 
the term monofilament polyethylene in his tables. I am 
sure that Dr. Knox did not intend to infer that all 
monofilament synthetic sutures are alike, but this is the 
impression that several readers have received from 
looking at the table, and not reading the article 
closely. 

Polyporphylene (Prolene®) is also a monofilament 
synthetic suture which has been used by many 
surgeons for several years. To my knowledge, there 
has not been an instance of late polypropylene dis- 
integration. In a follow-up studv of synthetic sutures 
in rabbits, Postlethwait found that polypropylene lost 
no significant strength over a two year period (Ann. 
Surg. 171:892, 1970). 

To date, there is no evidence that polypropylene 
weakens over a period of time as does polyethylene. 
Thus, it would be erroneous to classify these two 
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sutures together. While it is always possible that 
longer follow-up studies may reveal defects in poly- 
propylene, none have been found in ten years of clin- 
ical experience. Although polyethylene sutures have 
been abandoned by most vascular surgeons, poly- 
propylene continues to enjoy a good reputation as a 
useful and satisfactory suture material. 

Richard J. Sanders, M.D. 

General Rose Memorial Hospital 

Associate Clinical Professor of Surgery 

University of Colo. Medical Center 

Denver, Colorado 


September 10, 1976 


: Dear Editor: 


Small bowel bypass causes a significant alteration 
in metabolism. Weight loss ensues and tissue catab- 
olism of lipids, proteins and carbohydrates results to 
meet the metabolic requirements of the patient. We 
agree with Dr. Scopinaro and colleagues that many of 
the physiological changes which follow jejunoileal 
bypass are. transient. 

Dr. Scopinaro and colleagues have studied three 
patients prior to operation and at intervals of one, 
four and 12 months after surgery. They have demon- 
strated a significant increase (p < 0.05 by a paired t 
test with two degrees of freedom) in basal gastric 
secretion at the first postoperative month. They 
further suggested that in our study the basal secre- 
tions in the four patients who were studied before 
the sixth postoperative month confirmed their hypoth- 
esis. Although, as they have observed, the secretory 
data of these four patients do not demonstrate a sta- 
tistical significance (p 0.10 by a paired t test 
with three degrees of freedom), a statistical differ- 
ence may have been detected if 4 greater number of 
patients were studied. 

i Leslie Wise, M.D. 
Robert Vaughan, M.D. 
Theodore Stein, M.S. 
Long Island Jewish—Hilside Medical Center 
New Hyde Park, New York 11040 


November 3, 1976 
Dear Editor: 


It did seem quite apparent that the text of my article 
"Peripheral Vascular Anastomotic Aneurysms” 
clearly defined polyethylene as the material in the 
monofilament sutures employed. No mention of poly- 
propylene was made. The latter substance, although 
a polyolefin as is polyethylene, is a polymer of a 
completely different chemical structure. Ethicon, the ` 
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sole manufacturer of polypropylene (Prolene®), states 
that their suture possesses properties of ‘‘extensibility 
and linear prolongation” which ‘‘virtually eliminates 
any tendency for fracturing’’. Well that may be, I 
personally have little tolerance for the stiffness and 
lack of ‘‘loop holding" of monofilaments compared to 
the braided dacron material coated either with teflon 
or silicon. 

It must be stressed that the FDA has not granted 
approval for other manufacturers’ polypropylene su- 
tures as of this writing. . 

I also believe we must reserve final opinion on 
the durability of any monofilaments for a while longer. 
The average time for the appearance of many of the 
anastomotic aneurysms is quite close to three years 
with many not occurring for as long as eight years. 

Prolene, incidentally, has been marketed for some- 
what less than seven years, not ten as stated above. 

W. Graham Knox, M.D. 
103 East 75th Street 
New York, New York 10021 


February 24, 1977 
Dear Editor: 


In 1975 we? demonstrated and published in Annals 
of Surgery that the incidence of metastasis in cutaneous 
melanoma is proportional to tumor thickness and that 
survival for patients with tumors thicker than 1.50 mm. 
was doubled by elective lymph node dissection. Re- 
cently a reader! suggested that this apparent improve- 
ment in survival might be a result of surgical bias 
in patient selection. Re-examination of our data indi- 
cates that he may well be correct. Of the 57 patients 
with tumors this thick, 32 were axial tumors (eight 
head and neck and 24 trunk), 24 were extremity 
melanomas, and one was of an unknown site. Node 
dissections were performed for 50% of the extremity 
melanomas but for only 28% of the axial tumors. 
Considering that axial melanomas have a poorer prog- 
nosis than extremity tumors? and that none of our level 
V tumors were treated with an elective node dissection, 
it is likely that the apparent difference in survival 
was due to bias in patient selection by our surgeons. 

Alexander Breslow, M.D. 

_ Professor of Pathology 
George Washington University Medical Center 
Washington, D.C. 20037 
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Dear Editor: 


I am currently writing a biography of Dr. Alton 
Ochsner of the Ochsner Clinic in New Orleans. For 
the biography I need opinions, evaluations, anecdotes, 
reminiscences and photographs. All photos will! be 
carefully handled and returned. 

If you and your readers could contribute material I 
would be grateful. 

Ira Harkey, Ph.D. 
401 Metairie Road, 706 
Metairie, Louisiana 70005 


| 
April 1, 1976 
Dear Editor: 
We have read with interest the paper by Garcia 
Rinaldi in the Annals of Surgery November 1975, de- 


. scribing a double balloon triple lumen catheter for in 


situ preservation of cadaver kidneys. We developedian 
identical catheter four years ago and described its use in 
the British Journal of Urology in October 1972 (BJU 
vol. XLIV No. 5). 
The Royal Free double balloon Satheter has beh 
successfully used by us clinically for the past four years 
and has been available from Messrs J. G. Franklin! & 
Sons Ltd. We ourselves prefer to remove kidneys from | 
beating heart donors, but there are numerous occasions 
when this is not possible and we have obtained satis- 
factory kidneys from cardiac arrested donors with a 
minimal warm ischaemia time by the use of this: 
double balloon catheter. | 
We would point out that accurate placement of the: 
catheter is facilitated by aortotomy rather than 
femoral artery cutdown and a pullback technique ias 
described by Rinaldi et al. In fact it is possible [to 
visualize actual perfusion of the kidneys and reposition 
the cathether if required. The enormous volumes |of 
fluid, six litres required, are unnecessary if the catheter 
is positioned accurately and the mesenteric and coeliac 
arteries are ligated rapidly. We would confirm that 
ectopic and multiple arteries are perfused simultane- 
ously and an unhurried dissection is greatly facilitated 
by this catheter. 





O. N. Fernando F.R.C.S. 
Lecturer in Surgery 

The Royal Free Hospital 
London NW32QG 


September 3, 1976 





Dear Editor: 
The principle of the usage of a double balloon triple 


y 
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lumen catheter for in situ preservation of cadaver kid- 
néys is not new. In 1971, Banowsky et al.! reported 
the use of a similar device used experimentally. What is 


novel about the catheters described in our article? are . 


the dimensions ofthe various catheters designed for use 
in the various donor groups. The design of these 
catheters was based on measurements done on 
100 fresh cadavers. There is a specific catheter 
for donors from various age groups. 

We continue to favor the insertion of the catheter 
in a retrograde manner, utilizing the femoral artery. 
By virtue of the dimensions of the catheter, if the 
proximal balloon is at the aortic bifurcation, accurate 
placement will always occur. The advantage of using 
the femoral route is that the procedure can be rapidly 
performed at the bedside to minimize anoxic renal 
damage. I think that the time spent in transferring the 
donor to an operating room to perform a laparotomy 
and insert the catheter via an aortotomy, is too long. 
Furthermore, once you open the abdomen, why not 
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remove the kidneys expeditiously rather than risk a 
longer period of warm ischemia while the catheter is 
inserted via an aortotomy. 

In our program we continue to favor the use of the 
beating heart donor whenever possible. However, in 
donors in whom it is not possible, we have successfully 
utilized the catheter after cardiac arrest, as described 
in the manuscript. 


Raul Garcia-Rinaldi, M.D., Ph.D. 
Transplant Surgeon 
Baylor College of Medicine 
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Book Reviews 


Reconstructive Breast Surgery. Nicholas G. Georgiade. 
333 pages. St. Louis, C. V. Mosby Company. 1976. 
$39.50 


THIS EASY-TO-HOLD, readable, uniformly edited, multi- 
authored book documents the increasing variety of 
surgical operations now available for the treatment of 
diseases and deformities .of the breasts. 

The chapters on the history of breast reconstruc- 
tion and anatomy of the breast introduce the sub- 
jects and evaluate the varieties of mammary implants 
and operative approaches. The correction of asym- 
metrical and ptotic breasts as well as pendulous hyper- 
trophic breasts is well presented. 

Practically every useful technique ever described is 
discussed; in fact, my only complaint is a feeling of 
repetition at reading still another chapter on the tech- 


. niques of reduction mammoplasty. The major de- 


ficiency in the book is that there is only one descrip- 
tion of the use of the free-nipple graft following 
breast reconstruction. This single report by Drs. Mc- 
Cormack and Bayles documents well this useful, 
versatile technique. The free graft of the nipple has 
fallen into relative disfavor currently, but undoubtedly 
will be *'rediscovered'' again by some articulate pro- 
taganist. 

The most challenging and possibly the most contro- 
versial aspects of current reconstructive surgery of the 
breast relates to deformity secondary to operations 
for neoplasms. Dr. Georgiade himself has contributed 


‘two chapters on reconstruction following subcutaneous 


mastectomy and following radical mastectomy. These 
chapters are based on sound, surgical principles and 
present useful varieties of surgical techniques currently 
available. , 

The book might have included more discussion on 
indications for the reconstructive surgery and more on 
the psychosocial evaluation of the patient. This would 
have increased the scope and size of the volume and 
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perhaps defeated the clearly focused aims of the editor. 
All of the contributors are careful, forceful plastic 
surgeons with high standards of writing. I enjoyed 
the book. The photographs are well selected, clear 
and of similar size. 


JOSEPH E. Murray, M.D. 


Total Parenteral Nutrition. Edited by Josef E. Fisher. 
454 pages. Boston, Little, Brown and Co. 1976. 


THE IMPORTANT contribution of total parenteral nutri- 
tion to the management of the seriously ill patient has 
been reemphasized by the publication of this new 
volume, in answer to the increased demands of physi- 
cians for crystallized knowledge in this vital area. 
This book, like most monographs of its size, is ajbit 
too large and lengthy to be a pocket handbook, ànd 
yet, it is not sufficiently comprehensive and all- 
inclusive to be considered a complete reference work 
on the subject. However, it has many features of 
merit which qualify it as required reading for the novice 
who wishes to acquire practical familiarity with ithe 
principles and practice of parenteral nutrition. Some 
of the world's experts are included among the authors, 
and it is obvious from their vocabulary and syntax, 
that they are eager to communicate with readers at 
the beginning and intermediate levels of training as 
well as with those having advanced knowledge of and 
experience in this speciality. 
The editor has done an excellent job of organizing 
and integrating the content of the individual chapters 
and the publishers have earned laurels for their 
craftmanship. Evaluated overall, this is a well written, 
well orchestrated, easily readable and highly instruc- 
tive manual on a timely and important aspect of patient 
care. | 
STANLEY J. Duprick, M.D. 
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. Avitene 
crofibrilar Colagen Hemostat (MC 


A major advance in the 
control of surgical bleeding 





1. Generalized bleeding from denuded bladder 3. Moderate pressure is applied with a dry sterile 
muscularis during hysterectomy. gauze sponge until hemostasis can be confirmed (1-3 
minutes). Additional Avitene is used as necessary. 


2. Avitene (Microfibrillar Collagen Hemostat) is — 4. Adequate hemostasis is achieved without the use 
applied, using dry sterile forceps, until the entire of suture-ligatures. The peritoneum is ready to be 
oozing surface is covered. closed. 
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Avitene 


Mordfbrlar Collagen Hemostat (MCH) i 


Physically, chemically, clinically, different from 
any topical hemostat you have used before... 


Avitene (MCH) is an absorbable, topical hemostatic 
agent prepared from purified bovine corium colla- 
gen. When placed in contact with a bleeding surface, 
Avitene acts like native collagen: it attracts platelets 
which undergo the release phenomenon, initiating 
the formation of a platelet plug and a natural (phy- 
siologic) clot. 

Avitene, an adjunct to conventional hemostatic 
procedures, has been found to be of greatest value 
when control of bleeding by ligature or conventional 
procedures is ineffective or impractical. Avitene is 
especially effective in: 

» generalized bleeding from raw, soft, or friable tis- 
sues 

* bleeding from highly vascularized organs 

* bleeding from cancellous bone 

e bleeding around vascular anastomoses, where only 
minimal suturing may be possible because of lack of 
integrity of the tissue or the risk of compromising the 
lumen 

Data collected since 1972 show that Avitene 
elicits negligible immunologic responses and foreign 
body reactions and produces no adverse effects on 
healing of vascular anastomoses or bone* Avitene is 
effective in most patients receiving heparin or aspirin, 
and has been shown to be effective in patients who are 
moderately thrombocytopenic. Avitene will not 
work, however, in the presence of clinical throm- 
basthenia or systemic coagulation disorders, and it is 
contraindicated in the closure of skin incisions, as it 
may interfere with the healing of the skin edges. 


1. Posterior iliac bone bleeding following removal of bone graft. 


2. Pressure being applied to Avitene with dry sterile gauze sponge 
on bleeding bone surface. Hemostasis is achieved after 2 to 5 
minutes. 


3. Avitene spread on a dry sponge to achieve control of bleeding 
during decortication of spine. 


4. Avitene being packed into wound at escharotomy site. 


5. Pressure being applied to Avitene with dry sterile gauze sponge 
"over site of splenic bleeding. 





x Data [on file Medical Denartment. Avicon. Inc. 


(To learn about applications in your 
, surgical specialty... clip and mail this page) 


Please check your specialty area: 


C Cardiovascular surgery C] General surgery 
O Orthopedic surgery [] Gynecological surgery 
[ ] Plastic surgery E Neurosurgery 


Other 





I am interested in: 


C] Motion picture demonstrating some of the clini- 
cal applications of Avitene. This 24-minute film dra- 
matically illustrates the hemostatic action of Avitene 
in clinical and laboratory situations and features sur- 
geons with firsthand experience in its use. 


= Proceedings of a symposium on Microfibrillar 
Collagen Hemostat (Avitene) (56 pages). 


[] Selected reprints, pertaining to my specialty, of 
B * 
published research on Avitene. 


[] Information for the hospital formulary commit- 
tee about the use and costs of Avitene. 





[] Ordering Avitene for hospital use. 





NAME 





ADDRESS — ZIP 





SPECIALTY 





HOSPITAL AFFILIATION 


Mail to " 


j PO. Box 85 
AviCOn ‘Fort Worth, Texas 76101 





Using 





. Avitene 


Mcrofionlar Collagen Hemostat (MCH) 





Keep Avitene dry. Care must be taken to ensure that Avitene is 
kept scrupulously dry, and handled and applied only with dry 
smooth forceps. It will adhere to any wet surface, and premature 
exposure to moisture will impair its hemostatic efficacy. 


Apply Avitene directly to the source of the bleeding 

It is important that Avitene be applied directly to the source of 
bleeding. Otherwise, because of its adhesiveness, Avitene may seal 
over the exit site of deeper hemorrhage and conceal an underlying 
hematoma. Surfaces to be treated should first be compressed with 
dry sponges, and then covered with Avitene. The amount required 
will depend on the force and severity of the bleeding. 


Apply pressure with a dry sponge 

Itis then necessary to apply pressure over the Avitene with a dry 
sponge. The period of time necessary will again vary with the 
severity of the bleeding. and may range from a minute for capillary 
bleeding, to three to five minutes for brisk bleeding or arterial 
leaks. Five to ten minutes may be required for control of oozing 
from cancellous bone. 


Remove excess Avitene 

After hemostasis has been achieved, excess Avitene should be 
gently teased away. This can usually be accomplished without 
initiating rebleeding. However, if rebleeding does occur, or if 
breakthrough bleeding should occur in areas of thin application, 
additional Avitene may be applied as necessary. 





Avitene® (Microfibrillar Collagen Hemostat) 


Description: Avitene is an absorbable topical hemostatic agent 
prepared as a dry, sterile, fibrous, water insoluble partial hydro- 
chloric acid salt of purified bovine corium collagen. 


Indications: Avitene is used in surgical procedures as an adjunct to 
hemostasis when control of bleeding by ligature or conventional 
procedures is ineffective or impractical. 


Contraindications: Avitene should not be used in the closure of 
skin incisions as it may interfere with the healing of the skin 
edges. 


Warnings: Avitene is inactivated by autoclaving. Ethylene oxide 
reacts with bound hydrochloric acid to form ethylene chlorohy- 
drin. This product should not be resterilized. It is not for injec- 
tion. 


Precautions: Only that amount of Avitene necessary to produce 
hemostasis should be used. After several minutes, excess material 
should be removed; this is usually possible without the re-initiation 
of active bleeding. Avitene contains a low, but detectable, level of 
intercalated bovine serum protein which reacts immunologically 
as does beef serum albumin. Increases in anti-BSA titer have been 
observed following treatment with Avitene. About two-thirds of 
individuals exhibit antibody titers because of ingestion of food 
products of bovine origin. Intradermal skin tests have occasionally 
shown a weak positive reaction to BSA or Avitene but these have 
not been correlated with IgG titers to BSA. Tests have failed tc 
demonstrate clinically significant elicitation of antibodies of the 
IgE class against BSA following Avitene therapy. Care should be 
exercised to avoid spillage on nonbleeding surfaces, particularly in 
abdominal or thoracic viscera. Teratology studies in rats and rab- 
bits have revealed no harm to the animal fetus. There are no 
well-controlled studies in pregnant women; therefore, Avitene 
should be used in pregnant women only when clearly needed. 


Adverse reactions: The most serious adverse reactions reported 
which may be related to the use of this drug are potentiation of 
infection including abscess formation, hematoma, wound dehis- 
cence, mediastinitis. Other reported adverse reactions possibly 
drug related are adhesion formation, allergic reaction, foreign 
body reaction, subgaleal seroma (report of a single case). 


How supplied: In 1 g and 5 g sterile jars of sterile microfibrillar 
collagen hemostat all contained in sealed can. Sterility of the jar 
exterior cannot be guaranteed if can seal is broken. Content of jar 
is sterile until opened. 


Caution: Federal law prohibits dispensing without prescription. 


Incorporated 


Avitene is distributed by 
Alcon Laboratories, Inc. 
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BURROUGHS WELLCOME CO. MAKES 
‘CODEINE COMBINATION PRODUCTS. 
. YOU MAKE THE CHOICE. 


EMPIRIN EMPRACET | 
COMPOUND cCODEINE 


Each tablet contains: 
Age #3 codeine phosphate, 30 mg (gr 2), 


(Warning: May be habitforming); * 





Each tablet contains: and acetaminophen 300 mg. 
codeine phosphate, 32 mg (gr 12), 
(Warning: May be habit-forming); Ill 


aspirin, 227 mg; phenacetin, 162 mg; 
and caffeine, 32 mg. 
d Burroughs Wellcome Co. 
lil PR Research Triangle Park 
i Wellcome | North Carolina 27709 


